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Riassunto. Questo lavoro conclude uno studio sulla djs-
tribuzione degli ammonoidi e dei conodonti in alcune formazioni baci-
nali medio triassiche dell'area compresa tra la Val di Scalve e la Val
Carnonica (Alpi Meridionalil. Quesrr zonr br riiesriro un ruolo fon-
damentale in due momentì storici dir.ersì dello sviluppo delle
conoscenze sulLa stratigrafia triassica. Nc1 XIX secolo dir-ersi
ammonoidi raccolti nclla Formazione di Y/engen hanno contribuito
alla dcfinizione del sottopiano Longobardico da parte dei paleontologi
della scuola di V:ienna, mentre negli anni '60 lo stuclio delle facies di
questa zona ha pcrmesso la revisione su basi moderne della litostratj-
grafia triassica della Lombardia.
Le indagini si sono svolte per la prìma volta sulla base di cam-
pion,rrncnt i \lrìlo-per-\trJLo e ri roru .orìCentrJte ìr p.rrticolare .ullr
Formazione di \\,'engen e sul Calcare dì Pratotonclo, nelle quali per la
prima volta sono stati ritrovati conodonti.
Sulla l:ase delle faune ritror-atc \-engono crmbiate le età di
alcune formazioni mcdio triassiche, che si dimostrano essere più gio-
vani di quanto ìn generale riportato in letteratura:
- la somn.rità della Formazione di \Vengen è attribuita con
sicurezza al Carnico inferiore per buona partc dcll'-rrea studiata. La
successir.a pìattaforma carbonatica, fino ad ora attribuita al Calcare di
Esino di età Ladinico supcriore, risulta dcfinitivamcnte carnica, quindi
coeva aila Formazione di Brcno della Val Carnonica meridionaÌe.
- l'etàL del Calcare di Pratotondo risulta Ladinico sup./Carnico
inf., mcntrc la successjr.a Argììlite di Lozio è sìcurarnente crrnic,r.
I dati nuovi mettono in discussionc 1'equir.alenza F. dì \i/engen
: Zona ad Archelaus 
- 
Longobardico definita nel secolo scorso e
spesso seguita sìno ìn tempi recenti. In realtà sì din-rostra come la Zona
a Regoledanus rappresenti gran parte della Formazione di Wengen,
mentrc nclla partc sommìtale della stessa formaz-ione sja documentata
una fauna di età Carnìco inferiore riferibile allaZont a Daratina o alla
Zona ad Aon.
La rer'ìsione biocronostr.rtigraficr dclle formazionr bacinali
consente di modificarc sostanzialmente sia g1i schemi cronostr;1tigràfi-
ci che la storìa paleogeografica dell'intervello Ladinico-Carnico del set-
tore lombardo delle Alpi Mcridiona[.
Abstract. The aìm of thìs paper is to revise the:nmonoid and
conodont biostratìgraphv of the Middle Triassic basinal fornations in
the classìc area betr-ccn the Scalr.c and Carnonica Vallcr-s (Sc,uthern
Alps).
This area plaved a kcy role in definine Middlc Triassic stratig-
raphl: In the ninetcenth centur)'the study of several ammonoids coi-
lected in thc \ff/engen Formation served as a basis for the definition of
the Longobardian substage of the Ladinian. Moreover. during thc
1960's the modern Triassic lithostràtigraphy of Lombardl'r'a' found-
ed on section' lrorn rhi> rre.'
The present study represents the first bed-by-bed sampling of
this are:r and is focuscd mainll' on the \ilengen Formation and Prato-
tondo Limestonc. In particular, conodonts u'erc found in both units
for the first time.
Thc agc of some Middle Triassrc formations is revise d:
- the top of the 'il/engen Formation belongs dcfinirively to the
Lon-er Carnian in a sizeable portion of the study area. The olerlr'ìng
carbonate platform, previouslv aitributed ro rhe Upper Ladinian Esino
Limestone, ìs instead Carnian and js coeval to the Breno Formation in
the Southern Camonìca Valle1..
- the Pratotondo Limcstone is dated Latc Ladinian/Earlv Carn-
ian, while the or.erlying Lozio Shale is Carnian.
These neu. data contradict the equivalence "V'engener Schicht-
en" : Archelaus Zone : Longobardian so common in the literature.
\!t demonstrate that thc Regoledanus Zonc rcpresents a grcar part of
the Y/engen Formation. Moreover, at the top of the Wengen Forma-
tion the anmonoid and conodont fauna represents the Earl1- Crrnj.tn
Daxatina or Aon Zone.
The biochronostr:rtigraphic revìsion of the basinal formations
requires modification of both the chronostratigraphic schemes and the
paleogcographic historl' of the lombardian Southern Alps during
Ladinian-Carni:Ln time.
Introduction.
The Southern Alps provided essential data during
the der elopment of Tria.sic srratigraphy since some
stages, substages and chronozones were defined on the
basis of sedimentary successions andl or fossiliferous
localities studied in Lombardy, the Dolomites and Carnia.
The Middle Triassic Ladinian stage, for instance,
was defined by Bittner (1893) to replace Mojsisovics'
Norisch, based on the succession of the Buchenstein and
Wengen Beds of the Southern Alps (Fig. 1). Lithological
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data ,r"ere also importanr for defining the two substages
of the Ladinian, i.e. the Fassanian and the Longobardian.
These substages appear to have been based on ammonoid
zones with a lithologic reference (Mojsisovics, \faagen Ee
Diener, 1895, Fig. 1), but in fact the lithologic informa-
tion is not of secondary importance. The ammonoid
zones defined by Mojsisovics were based not on a fauna,
but on a list of species including all the taxa reported in
all the fossil-bearing localities with the same lithology,
even if there were differences in faunal composition fronl
r^^.r:,-, ,^ r^^-r;*-- TLis kind of biostratigraphic unit isLV rVr4rrL.y. rrl
well known as Oppel-zone (see Hedberg, 1976, p. 57),
and its chronostratigraphy is not proven paleontological-
1y, but is deduced from lithological data.
. 
The Longobardian substage, in particular, was
defined on the Archelaus Zonein the facies of the \íen-
gen Beds (Mojsisovics in Mojsisovics er al., 1895;Fig. 1).
No tvpe locality was selected at that time, but possible
candidates can be found in the monograph that provid-
ed Mojsisovics the biostratigraphic background (at least
for the Southern Alps) for his chronostratigraphic revi-
sion of the Triassic (Mojsisovics, 1882). The fossil-bear-
ing localities of the \lengen Beds reported b1'Mojsiso-
vics are concentrated primaril,v in three small areas of
the Southern Alps (Mojsisovics, 1882): Schilpario (i.e.,
Epolo, the Paludina Va11e1', M. Roncaglie), Giudicaric
(i.e.,Prezzo, Dos dei Morti, Corno Vecchio, the Daone
Valley), and the Badia Valle,v in the Dolomites (i.e., Cor-
vara, Pescol, \fengen, Mundevilla, S. Cassian). Histori-
cally, Schilpario is the only are;r located in the Lombar-
dian A1ps, but from a faunistic standpoint, the Badia Vai-
1ev is the most important area with 22 taxa vs. 18 taxa in
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Definition of Ladinian Substages:
Mojsisovics in Mojsisovics et al., 1895
Substage Zone Lithofacies
Localities
Schilpario, Giudicarie, Badia Valley
Esino, Marmolada, Clapsavon, Bakony etc
Giudicarie and 11 at Schilpario. The locality yielding the
richest fauna ir Prezzo lCiudicarier with l5 species.
Flowever, the tectonic se tting of thePrezzo site is com-
plex and at present there are no possibilities of clrrying
out bed-bv-bed sampling. In contrast, the Schilpario
area has great potential for sampling.
The stratigraphic importance of the Schilpario
area has been demonstrated in classic papers of the nine-
teenth century, as well as more recently, when it prolid-
ed information for the modern lithostratigraphic setting
of the Triassic of Lombardy - Giudicarie (Assereto &
Casati, 1965).
The initial intention of this project was to improve
the biostratigraphy of the Ladinian basinal succession in
the classic area of Schilpario. Hou,'ever, new data collect-
ed during the course of these studies have allowed the
revision of the chronostratigraphic and paleogeographic
schemes of the \íestern Southern Alps.
Regional stratigraphic framework.
The modern Triassic lithostratigraphy of Lom-
bardv - Giudicarie (\il/estern Southern Alps) was found-
ed by Assereto & Casati (1965) u..hose revision was
based on a stratigraphic approach completely- different
from that followed for more than one century: the work
on stratigraphic sections. This work provided a better
definition of "old" lithologic units, but also formalized
several new formations. For instance, classification of
the Triassic platforms was set up, separating the Carnian
platform (Breno Forn-ration) from the classic Ladinian




Giudicarie, Trompia V, Schilpario,
Recoaro, Gardena V. etc.
Felso-Ors, Forrashegy, Mencshely
The most important steps for the definition of Ladinian chronostratigraphl-. The strong supporr of lithostratigrap*h1- in rhe definition
of chronostratigr.rphic units is n-ell evident. In i895 tr{ojsisovics did some changcs in the ammonoid zones. The Reitzi Zone s.as
renamcd as Curionii, and the Archelaus Zone of 1882 r-as spJìtted bv the separation of the fauna of the Marmolatakalk (part of 2nd
lithofacies) as Avisianus Zone. The rtratjgr.rphic units.rlc quoted n-ith the original German spelling.




38 taxa (19 n. sp.: 4 indet./aff,)
70taxa(42 n. sp.: 11 indet. /afi.)
Buchensteiner Schichlen
gelben kieselreichen
21 taxa (13 n. sp.: 3 indet. /aff.)
1 6 taxa (6 n. sp,; 2 indet. /aff ,)
Brembana-Seriana Valleys Lake lseo
B Grigne
Fiù ,
Principale, respectively. However, the revision did not
provide a similar amount of new biostratigraphic data.
Since Assereto & Casati (1965), a great deal of
work has been done on the tiassic successions of the
Vestern Southern Alps, but most contributions have
focused on lithostratigraphy in conjunction with facies
analysis. The Carnian-Norian units (Breno Fm., Gorno
Fm., Val Sabbia Sandstone, Dolomia Principale) have
been investigated in rnore detail than the Ladinian for-
mations, such that the stratigraphic reconstructions sug-
geste d for the Ladinian in the 1.rst 25 years .rre stable and
show almost the same pìcture. According to all suggest-
ed models (Pisa, 1.971; Casati 6c Gaetani, 1979; Brusca et
aL, 7982; Jadoul & Rossi, 19S2) (Fig. 2A) the carbonate
platform of the F,sino Limestone started in the Late
Anisian-Early Ladinian in the Grigne-Brembana Valley
and grew into a buildup, gradually surrounding some
deep and narrosr basins. During the Early Ladinian the
sedimentation in the basins was carbonatic and volcanic
(Buchenstein Fm.), then in the Late Ladinian it became
terrigenous (\il/engen Fm.). These tongue-like basins
were filled up in the latest Ladinian by the progradation
of the Esino Lirnestone. The general model is followed
also by Brack & Rieber (1993; Fig. 28), who on the con-
rràrv sussested a diff ,f the Late...../ 
-Ò5-.- .erent rnterpretxlron o
Ladinian-Early Carnian formations in the area between
the Camonica and Scalve Vallevs. There, the Lozio Shale
Bergamasco Bresciano Giudicarie
Stratigraphic reconstructions for Upper Anisian to Carrian of the'Western Southcrn Alps. A) The classical model (Pisa, 1974; Casati
& Gaetani, 1979; Brusca et al., 1982; Jadoul & Rossi, 1982) redrau'n from Jadoul Ei Rossi (1982). B) Brack & Rìeber (1991) viewpoint.
Abbreliations: CR: "Calcare Rosso"; AD: Albiga Dolomite. Thick lines emphasize out thc stratigraphic relationships betr.een the basi-






























and Pratotondo Limestone are interpreted not as Late
Ladinian distal facies (the former) rnd proximal facies
(the latter) deposited in a deep basin coeval to the Esino
Limestone (Fig. 2A), but rather as a two-stage filling of
the same basin. In particular, the Lozio Shale is coeval to
the Carnian Breno Formation and overlies the Late
Ladinian Pratotondo Limestone (Fig. ZB).
Geological setting.
The geology of the area between the Scalve and
Camonica Valleys is very complex due to the coexistence
of very diversified tiassic (Anisian to Carnian) envi-
ronments, whose sedimentary record is deformed and
thrusted in a complex tectonic setting.
The main structural element on the left side of the
Scalve Valley (Fig. 3) is the Pizzo Camino thrust, that
separates an upper tectonic unit (Pizzo Camino unit,
PC) thrusted from the North on a mosaic of tectonic
units belonging to the "Parautoctono sudalpino" (Gae-
tani &Jadou1, 1979;Forcella, 1988; Forcella et al., 1990) :
Autochthonous of Scalve Valley (AVS), Costa di Val-
notte unit (CV), and Clmuno sector (Fig. 3).
The sections studied were measllred in the less
disturbed tectonic units of Ptzzo Camino and the
Autochthonous of Scalve Valley (AVS). The Pìzzo
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Geographic slietch m:rp lncl structur:.1 setting of thePizzo Canino*Corne S. Ferno arca (redraun frorn Forcelll, 198E) n'ith location
of the stndicd scctious. 1) "Par;rutoctono sudalpino" (CV: Costa Valnotte unit; AVS: Alte \ral cli Sc;rìr,e mtochthonous) ;2) Piz.z,o
Camino unit (PC) and Presolana Lrnit (UP);3) Camuno scctor'1) region,rl attituclc; 5) thrust; 6) fault. Scctions: :r) Loner Epolr \ral-
lci- (l.E\r);b) upperEpoloValler'(uEV);c) Fopponi; d) CornaS. Fermovrest (cSF\y);e) pratotondo.
Fio l
Caminc,, unit (PC: upper tecronic unit) shox's two dif-
ferent sedimentarv trends. According to the liter,rture,
in the northern part of the unit, frorn the northern
boundarl. to the \i/S\l-ENE ridge of the Corna S.
Fermo - Pizzo Camino - Concarena, the succession
starts \\.ith subtidal dark limestones (Angolo Lmst)
overlain by rocks indicating a deepening trend until the
Early/Late Ladinian boundi.rry (Prezzo Lmsr., Br-rchen-
stein and \fengen Fm.). This trend is suddenll-re\-ersed
by the deposition of the Esino Lmst. (carbonrte pht-
ar. ltorm) overlvrng the Wengen Fm. In the central and
southeastern part of the tectonic unit the succession is
similar until the Buchenstein Frn. Then deposition does
not turn into the carbonJre pJ.rrform bur tou.ards :r
shaly-dominated deep basin (Pratotondo Lmst. and
Lozio Shale). The Esino Ln.rst. is nor presenr, and the
relations between the Pratotondo - Lozio basin and the
platform of the Esino Lmst. were interpreted as tecton-
ic (De Sitter & De Sitter Koomans, 1949; Schi;rinrro et
aI., 1969) or stratigraphic (i.e., Rossetti, 1966a; Brack,
1 98,{; Forcella, 1988).
The Autochthonous of Scalr,e Valley (AVS : lower
tectonic unit) has a more conrroversial sedimentarv suc-
cession and several interpretations s-cre proposed. The
first was provided by Assereto & Casati (1965) rvho
described the succession Prezzo Lmst. - Buchenstein
Fm., overlain brt the Lozio Shale. This interprer..ìrion
\\ras accepted in sheets 19 (Schiavin:rro er a1., 1969) and
3'l (Desio et al., 1970) of the Geological Map of Itelv
1:1O0,OOO, and bv Forcclla (1988). According ro the sec-
ond interpretation (Rosscr.tt, 1966a, fig. 2 and p. 131),
the Lozio Shale does not overlav directly the Buchen-
stein Fm., but tl-re tVengen Frr-r. and the Pratotondo
Lmst. can be recognized in betu,'een. Another point
under discussion is the stratigraphic attribution of the
crrbonatic cliff c.rpping the Lozio Shale, that u-;.rs
referred to the "Calcare Metallifero Bersamasco"
(Assereto & Casati, 1965), the Breno Fm. (Schiavinato
et aI., 1969; Forcella, 1988), and the Gorno Fm. (Ros-
setti, 1966a; Desio et al., 197a).
Three sections s.'ere sampled ir-r the Pizzo C:rmino
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posite section (Fig. ,1), Fopponi and Pratotondo sec-
tions. The Pratotondo section is the best section in the
tvpe area of thc Pratotondo Limestone, a lithostrati-
,.-^-L;^,,-;. 
-^,..^l k
-v Rossetti (966a) onl,v on the
basis of a short lithological description. An additional
scction ri'as san-rpled in the upper part of Epolo Va1le-v
(UEV section: Fig. 5). This section consists of two seg-
ments well exposed in the steep gullies of the north-
\\,'estern ridee of Mount Sossino, V of Passo Ezendola.
In the AVS unit onl1. one section was selected for sam-
pling, i.e. the Lower Epolo Valle,v (abbreviated as LEV)
composite section on the right side of the Epolo Valle,v.
The new data: lithostratigraphy and biostratigraphy.
Prezzo Limestone.
Lithology. The formation was not studied in detail.
In both units (Pizzo Camino and AVS) the Prezzo
Limestone shou's the t;,.pical lithology consisting of
alternations of dm-thick dark grel- mrrlv lìmestone with
similar thickness of drrk grey marls or marly shales
(Assereto & Casati, 1965; Gaetani, 1.969; Kor'ícs et al.,
1990). The average thickness of beds and interbeds (30-
J5 crnl i. unusurlly qrerler thrn normrl t2O cmr rnd the
total thickness of the formation is also greater than in
Camonica-Giudic:rrie (about 120 m zs about 80 m) . As
in Camonica-Giudicarie the uppermost part of the for-
mation is characterized by several very thin tuff interca-
lations.
Distribution of fossils. Ammonoids and daonellids
^^^,,,. r.^^,,^-'1, ;- 'L^,,^^^-,.--, ^i.L- formJtion,u! ! u l l r l Y ul | | r I jr'
even cleavage often prevents samples from being
obtained. Some well preserved Asseretoceras cttmunum
L a clìn i an i C arn ian b i o s tr atigrap hy an d p ale o ge o gr ap b1' L)
Fig. 4 - \,'estern slope of Corna S.
Ferrno, r.ith position of tbe
segments I to IV of CSFV
conposite section. The tec-
tonic settin!i is compler and
onlr- rnajor faults are clravn.
Asterisk shorvs the site oi
sanple DG5. This semple has
thc s:rme stratigraphic posi-
tion of semplc MB124. The
upper bounclarv of \t''engen
Fm. is empìrasized bv dashecl
line. Abbrcvietions: P:Prez-
zo Litnestone; B:Buchen-
stcin Fm.; V:Vengen Fm.;
CP :"Ca.bot,,te Platform";
f:maior fault.
(Asse reto) and Pisaites were collecte d in the Gatti Va11ey
(E of Epolo Valley) in the AVS unit.
No fossils were found in the lower part of the for-
mation. FIol,el,er, recenrl1., Brack et al. (1998) locrted r
fossil-bearing ler,el with Balatonites cf. ottonis (Buch) in
the uppermost Ansolo Ln-rst. of the Gatti Vallel', a few
meters belon' the Angolo/Prezzo Lmst. boundary, in the
Pizzo Camino unit. In the nineteenth century some sPe-
cimens from this level were collected by Curioni (1877)
and studied by lv{ojsisovics (1882; see Balini, 199'1).
Correlation and age. The occurrence of Asseretct-
ceras and Pisaites as well as tuff intercalations in the top-
most part of the formation (cf. Brack Er Rieber, 1993, fig.
lO; allow rime correlerion *jth the topmo't prrt oI the
formation of the Camonica-Giudicarie area. In the same
way the occurrence of Balatonites cf. ottonis (Buch) in
the Scalve and Giudicarie Valleys some meters belori'the
lower boundar,v of the Prezzo Lmst. (Brack et al., I998)
demonstrates that aÌso the lower boundary of the for-
mation is coeval. As a consequence, the greater thick-
ness of Prezzo Lirnestone in the Scalve Valley (upper
and lower tectonic units) u'ith respect to the Camonica-
Giudicarie is due to a higher sedimentation rate .
Buchenstein Formation.
Lithology. The unit crops out in both the Pizzo
Camino and AVS units and shou.s a notable vlrirtion in
lithology. The formation can be subdivided informallv
into four lithofacies, i.e. lower chertv limestone, thin
bedded cherty limestone, "Pietra verde", and r-rpper
chertl lime'tone tFig. 6 and 7t.
Lou:er cherty limestone. This Portion is rather con-
stant in the study area and fits very well n'ith the lower
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lV, Sossino
,t
part of the formation in the Camonica - Sabbia - Giudi-
carie Valleys. Following Assereto & Casati (1965) the
lower boundary of the Buchenstein Fm. is drawn at the
first lithologic change that affects the very consranr
lithology of thePrezzo Limestone, that is at the sudden
appearance of abundant chert in Prezzo-like bedded
limestones and marls. This lithology ("transitional beds"
of Brack Ec Rieber, 1986,1993; interval b in Fig. 68 and
a in Fig. 7) is followed by a few meters (1.9 at CSF\í:
interval c;7.5 at LEV: interval b) of walJr ro nodular
limestones with chert in dm- scale beds (Brack &
Rieber's "Knollenkalk"). T"ff intercalations are very
common and mostly follow Brack 8r Rieber's classifica-
tion isee 1993. ;;*. 
'Or.Thin bedded cherty limestone. This lithofacies,
already mentioned by Brack & Rieber (1986), is peculiar
to the study area. k is documented in both CSFV (Fig.
68: interval d-e) and LEV (Fig. Z: interval c-d) sections
(18.1 and 15 m thick, respectively) and consists of a
lower part made of evenly and thinly bedded limestones
r.ith spread chert and an upper part made of very thinly
bedded chert and limestone with cherty nodules. Thin
tuff intercalations are very common in the upper parr,
especrally .rr the CSFW secrion.
- 
"Pietra percle". At the CSF\(/ secrion a thick suc-
cession dominated by volcaniclastic rocks overlies the
secondlithofacies (Fig.68: inrervals f rco,59.2mthick) 
.
The facies is represented by greenish volcaniclastic silt-
stones and sandstones with planar lamination and/or
normal grading that strongly recalls the "Pierra verde" of
the Eastern Dolornites (i.e. Cernera, ZoIdo Valley). In
the upper part rhe lithology becomes rather variable, :rnd
thinly bedded limestones and marls are interbedded by
tuffaceous marls and tuffaceous sandstones.
Upper cherty limestone. This facies is well devel-
oped at the LEV secrion (Frg.7: intervals e-f, 15.,{ m
Fig. 5 - Upper part of Epolo Vallel'
with the posìtion of the two
\eemcnr\ oI Upper Fpoìo
Valle,v section (1 and 2). The
fossiliferous debris that n-rost
probabl,v corresponds to the
cl:rssical amrnonoid localitics
Ji.-or er.J Lr Curioni 118--:
see also Balini, 1994) is
shon'n x.ith asterisk. AVS
tectonic unit: L:Lozio
Shale; Cu: Carnian undiffer-
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bonatc platform" traditional-
11- attributed to Esino Lime-
stone.
thick), where it overlies the "Thin bedded cherty lime-
stone". The lithology is equivalenr ro rhe "Knollenkalk",
and consists of wary ro nodular limestones with chert in
dm-scale beds. The lithology is rather consranr ar rhe
LEV section, while ar CSF\tr this facies includes one
interval with tuffitic marls and tuffaceous sandstones
recalling the upper part of the "Pietra verde" (Fig. 6B:
intervals p-t).
Biostratigraphy. The Paludina Va1ley (Curioni,
1877; Mojsisovics, 1882), near Schilpario, is the type
locality of Eoprotrachyceras curionii (Mojsis.), one of the
most important species of Lower Ladinian ammonoids.
Information gathered in Schilpario allowed us to locate
the site Paludina Valley, never reported in the maps, in
the lower part of the Epolo Valley. However, it is not
known n'hether the specimen collected by Curioni was
found in situ or in the debris.
During our field surveys no macrofossils were
found in the AVS unit, while only one small Eoprotra-
chyceras was collecred in the Pizzo Camino unit at the
CSF\V section in the middle parr of the "Thin bedded
cherty limestone" (sample DGZl). This occurrence
proves an Early Ladinian age at leasr for the upper parr
of this lithologic inforrnal unit.
A total of 2,1 conodonr samples was processed,
but only 6 yielded conodonrs (Tab. 1, 3) which are ofren
1Ibroken. At the LEV section a conodont association of
Paragondolella szaboi (Kovícs), Neogondolella longa
(Budurov & Stefanov), P. eotrammeri Krystyn, l,{. post-
cornuttt Kovícs, l\'[. constrìcta (Mosher & Clark) was
found in the "Knollenkalk" of the "Lower cherty lime-
stone" (sample DG33). This fauna characterizes the
upper part of the Reitzi Zone (Kovícs, 1993; Krystyn,
1983; Nicora & Brack, 1995).
In the upper part of the "Lower cherty limestone"
(sample DG3Tbis) a poorl1. preserved Budwroaignathus
L a din i an / C arni an b t o s tratigraphy an d p ale o ge o gr.rp ht 25
7r u. /rr cciirs :p ind. Ammonoid( ltontlttLs all. 1)lr,r1/'l,s
cíiói,ii.iil ip. ùl .- zone

























L îesîo-e (al and 
N,4ardoloarrc rneslo-e'b)
Ttf vvè oeooeo c'en I Sr' -





Franki I es re go le clantLs
? Archelaus
Fig. 6 - A) Geological skctch map of Corna S. Fcrmo with the position oI CSFW composite section (1a and 1b) and Fopponì section (2). B)
Segments I to III of CSFW section; C) segment IV of CSF\ùl sectìon; D) lithologic le gcnd for all thc scctions. Small letters refer to
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Frg.7 - Lou.er Epolo Valley composite section (LEV). A) Gcologicai sketch m;rp shov.ing the position of the three segments of the section.
ll segmenl
I segmenr
sp. was found along with l/. cÍ. psewclolonga (Kozur,
Kovícs & Mietto) and l'{eogondolel/a sp. The genus
Budurovignathus Kozur ranges from the Fassanian
(Curioni Zone) to the Late Longobardian (Krvstyn,
1983). Kozur (1980) extends its range to the Cordevo-







At the CSF\f section in the "Upper cherty lime-
stone" Gladigondolella malayensis malayensls Nogami
and NectgondolelLa sp. were found. Gl. malayensis
malayensis is recorded from the Middle Longobardian
(Archelaus Zone o{ Slovenia; Kolar-Jurkovsek, 1991)
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Wengen
Fm. )G t24 9.13 Ladinian
Based on the conodont associations, the investi-
gatcd Buchen.rein Frr. r'.tnge\ from rhe upper Rcitzi
Zone into at le:rst the Archelaus Zone (Late Anisian-
middle Longobardian).
Wengen Formation.
The Buchenstein Fn'r. is or.erlain b1' the Vengen
Fm. in both tectonic units. In thc Pizzo Camino unit the
tWengen Fn'r. is w'ell exposed on the western and north-
ern slope of the Corna S. Fermo (Fig. 4, 8) as well as in
the steep gullies of the upper prrt of the Epolo Vailey
(Fig. S). The total thickness of the formation increrses
stronsl\' from the wesrern to the northern side of Corna' .' "--b'/
S. Fermo. It is about 96 n-r at the CSFW section (Fig.
6C), n'hile it becomes about 235 rn at the Fopponi sec-
tion (Fig.9). A thickness of more than 200 m is con-
firmed also in the upper parr of the Epolo Vrlle-r,-.
Lithology. In .rll rhe qecrions of the trpper recronic
rrnir rhe ]ùl/enqen F- is sr-rbdir.ided into tr.o informal
members, i.e. a terrigenous lower one, and a calcareous
upPer one.
The tcrrigenous menber (52.5 m ;r the CSFW
section, IV segment, interr-:rls b-j; probrbll- rbout 160 m
at the Fopponi section) consists of evenl)'thin-bedded
'';lif.
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Tab. 2 - Posìtion of samplcs
and numeric:rl drstrt-
bution of conodours
in thc II segment ol
LEV section.
m:rrls, siltstones in cm-thick beds and sandstones in dm
to 1 m thick beds. Siltstones often shos'planar to cross
lamin:rtion, u'hile the sandstone are generally' m.rssir-e,
q ith q erk nornr.rl grrding .rnd r,rrc cro:r lrnrinationr.
The sandstone-siltstone/marl r:rtio shor.s wide \rcrtical
and l:rteral changes. The bounclar). w-ith the terrigenous
member is transitional.
The calcareous mernbcr (43.5 at CSF\( about 25
m at Fopponi) is made of thinly bedded, more or less
rnarlr-, limestone with marl interbeds and rare thin cal-
careous breccia intercalations. These brcccias are mud
supported and include calcareous intraplasts (common-
lv 1-2 cm, r'n:rx 3-5 cm), n'ithout anv size-sorting. In the
uppermost pt.rrt of the member :rt the CSF\I and Fop-
poni rection. I J ro 5 m thick co.Ìrse qràined pxràcon-
glomerate with erosional base (Fig. t0) occurs. Three
groups of clasts can be recognized: "clay chips" (up to
1.5 x 0.5 m), lirne stones and planar lan.rinated sandstone
(both up to 3O cm of size). Some breccia-layers occur
,tlro ;bovc the plrrconglomer.rre, but rh.re breccir. .rre
grlin-suoo.rrted. rr,ith cement and scarce matrix. The
clasts arc calcareous.
ln rhe southcrn prrr of Lhe Pizzo C.rrnin,-, unit







Fig. I - \"ide ansle viet of Fopponi
section (thick dashed 1ìne)
on the northern side of
Corn:r S. Fernro. Thc uppcr
bounclarv oi \,'cngcn Fm. is
drm'n n'ìth a thin dashcd
hnc, rvhile tbe ìorvcr borind-
arv is baclll- exposed ìn an
ourcrop on the rrght sicle of
the pìcture. The stlr shows
the phcc r.hcre a Franleìtes
regoletlanus (Nlojsisolics)
wrs found in debris. Thc
stratigraphic position of the
spccimcn is unknown, hor-
er.er it cannot come fronr lev-
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Tab. 3 Position of samples and nunerical djstribution of con-
odonts in the III segrnent of CSF\,'section. The distance is
fron thc b.rsc of thc segmcrìt (base oi ìnterval lin Fig. 68).
the subdivision into two members cannot be applied. At
the Pratotondo section only 4.5 m of silty marls without
macrofossils can be attributed ro rhe \ù/engen Fm. At the
LEV section the Buchenstein Fm. is or-erlain by 57 m of
dark grey marls to shaly n-rarls with planar to wary dark
grey marly limestones with intraplasts. Limestones com-
prise a wide range of lithologies, from mudstone to the
r-ery t;-picrl mud-supported calcareous breccias with
intraplasts. Sandstones rre extremely rare. .rnd only one
5 cm-thick sandstone layer was found in the lower ,1 m
of the formation.
Distribution of fossils. Epolo Valley is one of the
most important fossiliferous localities for the tù/engen
Fm. in Lomb.rrdv (Curioni, 1877; Mojsisovics, 1882;
Balini, 199,1) . Hori'ever, on the basis of our field experi-
ence s,'e conclude that Curioni's sites are mostly in the
debris. The "M.ga Epolo" site is the debris of the n'rain
gully below the UEV section, r'hile "Val Paludina" is
ahnost certainly the rniddle-lower part of the Epolo Val-
ley. The richest fossiliferor-rs site is "M. ga Epo1o" where
fossil-bearing blocks are common, but in sirz sampling
from the steep sides of the ravine is extremelv difficult
and dangerous because of r-ery frequent rockfalls.
. 
In general macrofossils are quite rare in the \fengen
Fm. and sometimes only isolated specimens can be found
on the outcrop surface. Unfortunately, ammonoids and
conodonts are not found togerher, mrking the biostrati-
graphic subdivision of the formation difficult.
Most of the biostratigraphic data come from sec-
tions in the upper tectonic unit, in part;cuhr from the
CSFV section. Ammonoids rvere found in the lower
and upper part of the formation; in between a very dense
conodont sampling was carried out. In the terrigenous
member of the \fengen Fm. ammonoids are found in the
lower-middle part. The first 2 m vielded some leiostraca
ammonoids (Monophyllites and Joannites) accompanied
by frequent daonellids. The first occurrence of Franleites
is recorded by 2 poorly preserved specimens at Z m from
the base (sample DG8Sbis). F. regoledanus (Mojsis.) is
identified from 23 to 37 m (samples MB126 and DG91).
In the upper part of the calcareous member p -'o'."L'-
7.1 s kl e7.t i oc era s cf . I oc:1, i(',1rir,: s1,e|ppsix
'DG201b5 202 -
- DG177 : - SírenoU achl,cera.s' ? sp. ind
- 







































fossil-bearing bed (sample MB124 : DG5) provided
Trachyceras sp. ind., Clionitites aff. busirìs (Mùnster),
Clionìtìtes sp. ind. as well as Lecanites glaucus (Mùnster) .
Extensive sampling for conodonts was done in the
calcareous mernber. A total 42 samples were collected,
and 10 provided fossils (Tab. 2-5).
fwo conodont faunas are recognized in the IV
segment of the CSF\f section between the F.
regoleclanus and the Trachyceras ammonoid faunas (Tab.
a) . The lower conodont fauna is characteriz edby Gladi-
gondolel/a ma/ayensis malayensis Nogami, Pseudofur-
nishius murcianus prdecursor Gu1lo & Kozur and
Budurovignatbus diebelì (Kozur & Mostler) . Higher up
ParagondoleÌla foliata Budurov, P inclinata (Kor.ícs), P
polygnathìformis (Budurov & Stefanov) are present. In
this section, below the Trachyceras sp. level and above
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Fig. 10 - Boundarl' between Wengen
Formation and "Carbonate
pì.rrlorm" rt I oPPr'ri .cc-
tion (dashed line). Letters
refer to the lithologìc unit
on Fig. 9. The erosional base
ol the Par.lconalun errtq ì'
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between B. diebeli and B. mungoensis is also present.
This finding resembles the situation of Balaton Upland
(Kor'ícs er. al., 1991; Gallet et al., 1.994). The polygnathi-
formis elements shon' prin-ritive chrracters (carina not
too high anteriorlr,', units not too arched) , but the char-
:creristic .lbrlnr rt€r) ^{ ,Lo -l ..f^t- i. 1"r"1;l r ien it'(!F vl
well evident (Pl. 3 , Fig. 3-a).
The Fopponi section (Tab. 5) is of minor signifi-
cance in term of fossil distribution when compared to
the CSFW section. Ammonoids are found in the upper
prrt of the terrigcnous member lSìrenotrachyceras ? sp.
ind., Celtites epo/ensìs Mojsisovics, Asklepioceras cf.
loczyi lDtener)]. In the calcareous n-iember just a refer-
ence sampling for conodonts was carried out, and onlr-
the long r.rnqing conodonts Gladigondolella malayensis
malayensis Nogami and G/. arcuatrt Buduror' ,r'ere found.
In the AVS unit (LEV section) and in the south-
ern prrt of thc Pizzo Camino unit (Pratotondo section)
no macrofossils nere found, nhile somc conodont sam-
ples are positive (Tab. z). At the LEV section Gladigon-
dolella tetbydis (Huckriede) and G/. malayensis malayen-
sls Nogami occur from about 9 m above the base of the
formation (sample DG124) to the top. In DG124
Buduro',;ignatbus mungoensls (Diebel) u'as found aÌso.
Biostratigraphic sìgnificance of the faunas and age.
The Late Ladinian/Early Carnian amn-ronoid scales are
not yet well established. However, some of the
ammonoid taxa identified are of undisputed chronolo-
'-ic siqnific.rnce- Since ìO verr..rso. the Sutherl.rndi Zoneb....tr..'.'/.*^*b"'(index Franleites Tozer, 1971,) represents the latest
Ladinian in the North American scales (Silberling Ee
Tozer,1968). In the \festern Teth;-s the biostratigraphic
position of the LO of Frankites is under discussion
(Broglio Loriga et al., 1998a, 1998b, 1999; Balini et al.,
Position of conoclont and ammonoicl (An) samples and
spccimen r-ith asterisk is a transitional forn bctn-een -8.
numerjcal distributron of conoclonts in thc I\r segment of CSFW sectjon
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1998), but in any case the species F. rego/edanus (Moj-
sis.) is q.pical of the latest Ladinian (Urlichs, 1974,
1977; Krvstyn, 1983; Mietto & Manfrin, 1995a, 1995b;
Broglio Loriga et al., 1998a, 1998b, 1999), while the
genus Trachyceras is index for the base of the Carnian
(Urlichs, 1974,1977; Krystvn, 1983; Balini et al., 1998).
Considering conodont biostratigraphy, P s e ud ofur-
nishius murcianus praecursor Gullo & Kozur ranges from
middle to late Longobardian (middle and upper part of
mungoensis A.Z. sensu Kozur, 1980; Mastandrea et al.,
1ee7).
According to Kozur Er Mostler (1971), Kozur
(1980), Kovícs 8c Kozur (1980), Budurov & Sudar
099A), Budurocignathus cliebeli (Kozur 8e Mostler) is
Late Ladinian-Earlv Carnian. Krystvn (1983) defines the
range of the species as late Longobardian (uppermost
Archelaus and Regoledanus Zone; diebeli A.Z.).
Budwro'c,ignatbus mungoensls (Diebel) has a wide
distribution within the Tethy.an Province. It is reported
by Kozur (1980) and Kovícs & Kozur (1980) from the
Late Ladinian to the Cordevolian (Archelaus - Aon
Zones), while Krystyn (1983) describes B. mungoensis
from the upper Gredleri to the end of the Regoledanus
Zones (upper part of earl1. to late Longobardian) .
' The lowest conodont association, found above
the regoleclanus fauna. rnosrll- characterized by
Budurovignathus, Pseudofurnishìus and P. inc/inata, can
be attributed to the late Longobardian. The fìrst occur-
rence of P polygnathiformis marks the Ladinian/Carnian
boundary (Krvstyn, 1983; Mastandrea, 1.994; Masran-
drea et aI., 1997; Neri et aI., 1995). The presence of
Bud.wrotignatbus abos,e the FO o{ P polygnathtformis, as
in Balaton Upland (Kor'ícs et al., 1991) and in Austria
(Gallet et a1., 1994), is proved also here and thus the
extension of Budwrovignatbus into the Carnian is con-
firmed.
Pralotondo Limestone.
The unit is present in the southern parr of Pizzo
Camino and in the AVS units. In the t;.pe area of Praro-
tondo (Pizzo Camino unit) outcrops are not verv good.
Tab. 5 - Position of conodont and
ammonoid (Am) samples
and numerical distribu-
tion of conodonts at Fop-
poni section.
The middle-upper part of the Pratotondo Limestone
("Nero venato") is usually well exposed in old quarries,
but the lower and upper boundaries are often covered or
folded. The best outcrop is in the quarry ENE of M.
Pizzo AIto where. despire the cover in the lower part. it
is possible to pinpoint the lower boundary of the unit,
that does not seem to be folded. This section is pro-
posed here as t)rpe section for the formation (see
Appendix for description) .
Name and rank. The unit was described as lime-
stone (Rossetti, 1966a) but the lithology includes also
shales and marly shales. F{owever, the most typical fea-
ture of the unit with respect to the underlying and over-
lving rocks is represented by the presence of carbonatic
sediments.
The unit was described as a member of the Esino
Limestone (Rossetti, 1966a), but afterwards was gener-
ally ranked as a formation (Jadoul & Rossi, 1982; Brack,
1984; Brack et al., 1985).
Stratigraphic position. In the secrions studied the
Pratotondo Limestone overlies the \il/engen Fm. and it is
covered by the Lozio Shale.
Boundaries. At the type section the lower bound-
ary is fixed at the base of the dark grey shales with pla-
nar dark grev marly limestone intercalations. At the
LEV section the lower boundary is drawn at the base of
the fir.t dark grey marly limestone bed orerll ing rhe
silty marls of the \lengen Fm. The upper boundarf is
fixed at the top of the last limestone bed.
Lithology. In the tvpe area the formation is 166 m
thick and can be subdivided into 3 parts (Fig. 11). The
lower part 195.1 m thickl intervals c-f; is nor very well
exposed and consists of dark grey shales with dark grey
planar marly limestone in 1O to 20 cm thick beds, some-
times displaying normal grading. The middle part ("Nero
venrto'.42 m thick. intervals g-m) consisrr ofdrrk grey
lirnestones and marly limestones (intrabioclastic wacke-
stones to packstones, occasionally grainstones) with pla-
nar lamination, normal grading and microslumpings.
The upper part (29 m thick, intervals n-q) consists
of dark grey marlv limestones with dark grey shales to
marly shale interbeds.
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- Pratotondo sectìon. For the iithological description see
Appendix.
At the LEV section the Pratotondo Lmst. is only
28 m thick and the subdivision into three parts cannot
be applied (Fig. 7). The lithology is rather homogeneous
and similar to the middle part of the Pratotondo section
as it consists of wl'y, dark grey marly limestones. The
wavy bedding along with the scarcity of outcrops are
probably the reasons why this lithofacies was not distin-
guished from the Buchenstein Fm. (Assereto & Casati,
1965; Desio et aI., 197A; Forcella, 1988).
Depositional environment. The formation is inter-
preted as distal carbonate turbidites. The reduction in
thickness and the change in lithology between the Pra-
totondo and LEV sections suggest that the source area
of the turbidites is a carbonate platform in the North,
making the LEV section more distal. In both the sec-
tions studied 2 shale-lirnestone cycles can be recognized:
rhe fir'r cvcle is recorded hr rhe interurl c-m at the
CSF\f section (Fig. 6C), while at LEV it is represented
bv interval v (Fig. 7) . The second cycle is made of inter-
va1 n-q at CSFW correlated n'ith w-x at LEV These
c1 cle . repre.ent trr o growlh (prograding? ) st.rges of the
carbonate platform. The top of the Pratotondo Lmst.
documents the death of the platform.
Biostratigraphy. In the literature no fossils were
reported from the formation. In this study no macro-
fossils were found in the sections studied. However, the
conodont content of the formation is quite rich, as 57
.rmples on 89 are positive.
At the Pratotondo section conodonts were found
only in the lowe r part of the formation (Tab. 6) . Samples
DG21O-DG21.7 (interval d in Fig. 11) are characterized
by Budurovignathus r:l.iebeli (Kozur & Mostler). In this
interval the FO of Gladigondolella malayensis malayen-
sis Nogami and ParagondolelLa ' polygnatbiformis
(Budurov 8r Stefanov) rre recorded. Higher up (samples
DG222 and DG75) the conodont association includes P
folìata Budurov, P. incLinata (Kovícs) along with P polyg-
natbiformìs and G/. m. malayensis.
Tab. 6 - Positjon of samples and numerical
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Tab.7 - Posit:ion of samples and numerical distribution of conodonts in
At the LEV section (Tab.l) the Pratotondo Lmst.
was sampled in the upper part of segmenr II (Tab. 2)
and in segment III (Tab. 7). In both segments the lower
part of the formation is characterized by the association
of Gl. m. malayensis, P. foliata, P inclinata and Gl. arcu-
ata Budurov. These species are accompanied try Gl.
tethydis (Huckriede) and by P. polygnatbiforzis in seg-
ment II, while in segment III Burlurol.tignatbus mostleri
(Kozur) was found. In this segment the FO of P. polyg
nathiformis is recorded a little higher up. for certain ar
level DG136.
Based on the conodont associations from this sec-
tion, the lower portion of the Pratotondo Fm. is late
Longobardian in age, while the upper portion is Carnian.
In contrast, in the Pratotondo section the lower porrion
of the formation is alre ady Carnian.
Lozio Shale.
The name Lozio Shale was introduced by Assere-
to & Casati (1965) for a thick shal),' unil cropping out in
the Scalve (AVS unit) and Lozio (Pìzzo Camino unit)
the III segment of LEV section.
Valleys. The type section is located in a narrow valley 1.5
km East of the LEV secrion, in the AVS unit (Assereto
Ec Casati, 1965).
Lithology. The formation consists of a thick (193
m ar rhe type localitv, Asserero 8r Casati, 1965) and
monotonous succession of dark grey ro black shales and
very fine grained siltstones, sometimes slightll- marly.
Boundaries. The original lithostratigraphic setting
of the Lozio Shale provided by Assereto & Casati
(1,965) must be updated after the description of the Pra-
totondo Lrnst. by Rossetti (1966a) and our resulrs. In
the type section as well as at the LEV section, the Lozio
Shale overlies the Pratotondo Lmst. The succession
Prezzo Lmst. 
- 
Buchenstein Fm.- \flengen Fm. 
- 
Prato-
tondo Lmst. is well exposed in the type section of the
Lozio Shale, but it is too steep to be accessed and
described. Probably for this reason Assereto & Casati
did not notice the \ù/engen Fm. and misidentified the
Buchenstein Fm. The succession Pratotondo Lmst. 
-
Lozio Shale is also confirme d in the Lozio Valley. in par-
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38 23.65 I
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)G 53 3.3 8 2 2 z
)G 5 lDCr64) 53 z 2 7
)G J .05 2 I 2 7
2 0.65 2
DG 63 9.09 I
DG 130 8.35 l
DG 62 8.00
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ple and double nodes which are often important for the
taxonomy of Trachycera.s. In conclusion, level M8124 is
left in open position because it cannot be directly corre-
lated either with the Daxatina or with the Aon Zones.
The fauna collected at Fopponi in the upper part
of the terrigenous member of the Vengen Fm. does not
have spe cial stratigraphic vc,lue. Celtites epoÌensìs Mojsis.
is a typical long ranging form of the Archelaus "fauna";
Aslelepioceras cf. loczyi (Diener) is reported for the first
time from the Vengen Fm. The biostratigraphic attribu-
tion of these occurrences cannot be directly proved,
howeler the finding of a good Frankites regoledauns
(Mojsis.) in the debris some meters below suggests a
correlation with the Regoledanus Zone.
In conciusion, the new data demonstrate that in
the sections studied the Regoledanus Zone represents a
l.r-o..rt 
^{ tLo \Yo...- tr- \l^."^'.. ". the top o[
\Y/e.oe. F- r f.rr.. np\/er rpn^rrol ho[^"o i. 
^t F.rl.,
Carnian age.
Lithostratigraphic and paleogeographic implications of
the new data.
At a local scale most of Rossetti's lithostrati-
graphic interpretation of the stratigraphic sequence in
the lower Epolo Valley (AVS unit) (Rossetti, 1966a, fig.
2 and p. 130-131), i.e. the succession Prezzo Lmst.,
Buchenstein Fm., Vengen Fm. and Pratotondo Lmst, is
confirmed.
Chronostratigraphically, the age of some Middle
Triassic formations is upgraded on the basis of the new
data, and in generrl the change consists in a rejuvena-
tion. The Pratotondo Limestone whose type section is
described here, is definitely latest Ladinian to (mostly)
Early C.rrnian. The top of the Vengen Fm. is of EerJy
Carnian age, on the basis of the FO of the conodont P
polygnathiformls and the ammonoid Tracbyceras. This
dating is certain at least for the central and western part
of the Pizzo Camino unit. Consequently, the rge of the
overlying "Carbonate platform" is undoubtedly Carn-
ian. At present, no biostratigraphic data are available for
the eastern part of the Pìzzo Camino unit. At Passo
Campelli (North of Concarena) the thickness of the
Wengen Fm. is reduced (about 60 m: Forcella & Rossi,
1980) and only the terrigenous member seems to be rep-
resented. However, the upper boundary of the forma-
tion is not exposed.
A new look at the platforms.
The problem of the lithostratigraphic classifica-
tion of the "Carbonate platform" in the Pizzo Camino-
Corna S. Fermo ridge provrdes the opportuniry to dis-
cuss the dating of Ladinian and Carnian carbonate plat-
forms in the Vestern Southern Alos.
In Lombardy the Ladinian platform is usually clas-
sified as Esino Limestone, whiie the Carnian platform is
attributed to the Breno Formation. Actually, in litera-
ture the separation is not usually proved by fossils, but
it is based on lithology and in part on the stratigraphic
position, i.e. the massive carbonates are attributed to the
Esino Lmst., while the bedded limestones and dolomites
are included in the overlying Breno Fm. The new data
lead to a reiection of the correlation of massive carbon-
ates : Esino Lmst. : Ladinian so common in the liter-
ature.
Fig. 13 shows the available high resolution bios-
tratigraphic dating of the Ladinian-Carnian carbonate
platforms in Lombardy, roughly arranged along a W-E
transect. In the type area of Grigna, the Ladinian age of
the Esino Lmst. is documented by classical ammonoid
"faunas" of the Archelaus Zone (Mojsisovics, 1882;
Rossi Ronchetti, 1960) attributed to the Archelaus Zone
sensuKrystyn, 1983 b)'Fantini Sestini (1996). There, the
platform interfingers and covers a basin where the Ven-
gen Fm. is at least in part of Early Ladinian age (Gaetani
et aI., 1987; Gaetani et al., 1998).
During the Ladinian some differences in the sub-
sidence must have occurred, because the platform is pro-
grading in the Grigne while it is aggrading in the Parina
Valley (Fig. 13). In the Parina Valley, r'ery rich Ladinian
ammonoid faunas occur from about 300 to 550 - 600 m
above the base of the Esino Lmst. and the Curionii,
Gredleri and Archelaus (: Longobardicum Subzone in
Mietto & Manfrin, 1995a) Zones are well documented
(Jadoul et a\., 1,992; Fantini Sestini, 1994, 1996). The
stratigraphic position of these faunas within the Esino
Lmst. is slightly different with respect to Grigne, how-
ever this is not necessarily due to different age. but
could be explained by the different development of the
platforms. Jadoul et aI. ltvlz.S reporr a Late Ladinian age
of the topmost Esino on the basis of the algal flora.
Further to the East there are only indirect data,
but it is clear that an ege difference in the platform
development took place. In our study area a Carnian age
of the platform is demonstrated. In particular the plat-
form is younger than the Regoledanus Zone, that is
never documented by fossils in the Esino Lmst. of the
.Western localities.
The Carnian age of the Breno Formation is proved
undoubtly by ammonoids of the Aonoides Zone in the
upper member of the formation (Campolungo Member)
at Rifugio Albani (Allasinaz, 1968), North of Presolana
(Presolana unit). The North Presolana section exempli-
fies also the stratigraphic problems derived from the
schematic litho(chrono)1ogic classification of Triassic
platforms. In this locality the upper member of the
Breno Fm. overlies an approximately 4OO m-thick mas-
sive carbonate succession that is not referred to the
Breno Fm., but to the Esino Lmst. (Allasinaz, 1.968;
Desio et aI., 1,97a; Forcella, 1988) and then to the Ladin-
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ian (i.e. Desio et al., 197A). This notwithstanding, the
identification of the Aonoide s Zone (2nd zone of the
Early Carnian according to Krystyn, 1928) poses the
question of n'hich part of the succession is of earliest
Carnian age (Aon Zone or Daxatina and Aon Zones,
depending on the scales).
The new data demonstrate rhar the classification
of the platforms is inadequate and must be updated.
Which age for the Wengen basins?
According to the literarure, in Lombardy-Giudi-
carie the Vengen Fm. displays a quite wide variation in
thickness (from some tens of m to 4OO m) but it is
always overlain by the Esino Limestone, always of
Ladinian age, except in a small area in the Camonica Val-
ley where it is overlain by the Pratotondo Lmst. (Jadoul
& Rossi, 1982; Fig.2A). The new dara suggesr a differ-
ent interpretation. The deposition of the Vengen For-
mation in Lombardy-Giudicarie is much 1161p ^^--1.-
?
2
Fig. 13 - Schematic sketch displaying the hìgh resolution ammonoid dating of the Ladinian to Carnìan carbonare platforms of Western South-
ern Alps. Grigna section ìs simplified from Gaetani et al. (1998, fig. /): the faunas are ciassificd by Rossi Ronchetti (1960) and Fantì-
ni Sestìni (1996); the fossiliferous sites have been located by Gaetani (pers. com.). Va1 Parina section is based on data reported byJadoul
et aI. (1992), while the localities are plotted from Fantini Sestini qloo,+, 1996). Rifugio Albani section is from Allasinaz (1968), r-ho
also described the fauna. The thickness of the underlying Esino Lmst. is estimated from Forcella (1988, {ìg. 51. The deveìopment of the
platforms is taken from the quoted papers. Here the Archelaus Zone is conprehensive of Longohardicum and Neuma).ri (sub)Zones
sensu Mietto & Manfrin (1995a\.
Fig.14 - Correlation chart of the studied sections shor'ìng the distrìbution of the most important fossils: conodonts Budurovignathus and
Paragondolella polygnathformis, and ammonoìds Eoprotrachyceras, Frankites and hachyceras. The Ladinìan/Carnian boundary (thick
line) is drawn at the FO of P polygnathiftirmis. For graphic reason Pratotondo and LEV sections arc shifted downs.ard. Dashed Lne











From locality to locality the thickness of the formation
is neither directly related to its time span nor ro irs age.
In the Grigne area rhe "\X/engen Fm." is a good 4OO m
thick (Gaetani et a1., 1982) but it is overlain by the
Upper Edifice of the Esino Limestone (Fig. 13; Gaetani
et al., 1998 and pers. comm.). The sedimenrarion rate
here is very hrgh and the age of the formation is not
younger thln the Archelaus Zone, but most likely is
older and is at least in part of Early Ladinian age.
T. tL" 
"t',.1-, .."1 1[s \il/engen Fm. is younger than
in Grigne, but its low/medium thickness (about 96 m at
CSFV section) does not indicate a shorr time span
because at least three ammonoid zones are documented
(?Arcbelaus, Regoledanus and ?Daxatina or Aon). Some
increasing in thickness may occur (from CSFW to Fop-
poni and UEV) but the upper boundary is coeval.
Very few biostratigraphic data are available for the
other areas (Presolana, Dosso Alto-Bagolino, M. Coro-
na-Stabol Fresco) . At Presolana, very close to the \il/esr
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Considering the upper boundary of the Lozio
Shale, we have no elements to solve the great uncertain-
ty concerning the formation overlying Lozio Shale in
the AVS unit.
Biostratigraphy and age. Neither macro- nor
microfossils were found, however the new data on the
.rge of the Pratotondo Limertone rllow a Carnian age ro
be attributed to the Lozio Shale.
"Carbonate platform".
In the northernmost sections of the study area
(Przzo Camino unit) the basinal succession Buchen-
stein-tVengen Fms. is overlain by a thick carbonate plat-
form traditionally attributed to the Esino Limestone
(De Sitter & De Sitter-Koomans, 1949; Rossetti, 1,966a,
1966b; Schiavinato et al., 1969 Desio et aL, I97A; For-
cella Er Rossi, 1980; Brack, 1984; Forcella, 1988). The
unit n'as not investigated in detail. At the CSF\l Fop-
poni and UEV sections the lower part consists mostly of
grey to dark grev rudstones, locallv dolomitized, in 10
cm- to 1 m- thick beds. The thickness of the "Carbon-
ate platform" is difficult to estimate because this facies
forms rhe ton of rhe Pjzzo Camino-Corna S. Fermo
ridge. so that the upper boundarv is not preserved. At
Corna S. Fermo this unit is at least 250 m thick, while at
the UEV section the Wengen Fm. is overlain by at le.rst(nn 
-. ^f ^1..f^-,- ^^-tJLU lll Ul PlJLlOl lll LAI DOnatC\.
Biostratigraphy. In the literature no fossils are
reported from the "Esino Limestone" of Pizzo Camino.
The Carnian bivalve faunas reported by Allasinaz (1964)
from Cima Camino, r'ere actually co[ected from a
lithofacies overlying the southern slope of the platform
(Gorno Fm. sensu Allasinaz, 1964 : Sommaprada Lmst.
seziszz Rossettr 19 66a).
During our field work Z conodont samples were
collected, however only sample DG164 at the Fopponi
section successfully yielded Budurocignathus mostlerì
(Kozur) , Paragondolella inclinata (Kor'ícs) and Gl. m.
malayensis Nogami.
According to Krystvn (1983) Budurooignathus
mostleri, is limited to the upper diebeli A.Z.
(Regoledanus Zone pars: ùpper parr of Longobardian)
while Kozur (1980) and Kovícs et al. (1991) extend its
range from the late Longobardian to the Cordevolian
(Sutherlandi - Aonoides Zones).
P. inclinata ranges from the early Longobardian to
the latest Julian (Kor'ícs & Kozur, 1980; Kovícs, 1983)
or from the Upper Gredleri Zone to the Upper Austri-
acum Zone (Krystyn 1983).
Age. The base of the "Carbonate platform" at
Fopponi is coeval with the CSF.il/ section, as demon-
'trated by the rhick conglomerate evenr rr the top oI rhe
Wengen Fm (Fig. 10). The Earlv Carnian age of the con-
glomerate is well proved by the FO of P polygnathi-
formis and the occurrence ol Trachyceras sp. ind. at the
CSF\(/ section. As a consequence, the age of the con-
odont fauna found at the base of the "Carbonate plat-
form" is Early Carnian.
Nomenclatural problems. The "Carbonate plat-
form" is left in open lithostratigraphic nomenclature
because its Carnian age is younger than the age of the
Esino Lmst., while the lithology (rudstones and brec-
cias) does not fit with the Breno Formation (Assereto 8e
Casati, 1965; Gaetani, 1985; Gnaccolini &Jadoul, 1988).
In some respects it is similar to the Cassian Dolomite of
the Dolomites.
Conclusions: synthesis and open-ended problems.
The neu'biostratigraphic data allow the upgrade
of the chronosrrrtipr..^L.. ,, A;tt^.^^, l-. ^ts. From an
historical point of vieq. the new data on ammonoids lead
to a rejection of the equivalence "Vengener Schichten"
: Archelaus Zone : Upper Ladinian, while ammonoids
and conodonts data together compel a general revision
of the Ladinian/Carnian chronostratigraphic recon-
structions as well as the paleogeographic history of the
\festern Southern Alps.
The ammonoids of the Wengen Fm. and the problem of
the Archelaus Zone.
The Archelaus Zone is at present one of the most
important chronostratigraphic problems of the Upper
Ladinian of the Tethys. The best description of this zone
was done b1' Mojsisovics (1882, p. 311-312) in his
monograph on the Triassic ammonoids of the til/estern
Tethys (Fig. 1). From his description it is clear that the
P archelaus zone is an Oppel-zone (Hedberg, 1976),
being based on an all-incÌusive list of taxa found in seve-
ral localities where neither the taxon index, nor the
whole list is found in al1 the sites. A second important
feature of this zone is that it was described from a wide
variety of facies. The zone was not only based on the
entire cephalopod content of the "Vengener Schichten"
of Schilpario, Giudicarie and Dolomites, but it was
enlarged to comprise also the "faunas" of several quite
different lithologic units grouped togerher under the
vague name of "thonarmen Kalksteine" (limestones
without shale) . In this wav the "fauna" of carbonate
platform limestones of several areas of the Southern and
Northern Alps (Esino Lmst., Marmolada Lmst. and
\íetterstein Lmst.) was included with the fauna of con-
densed red lin-restones (Clapsavon Lmst.).
After Mojsisovics, the stratigr;phic r-alue of this
zone was never revised, and it became indirectly the ref-
erence for the Longobardian substage of the Ladinian












tion u..here all the three subzones are superimposed
(Mietto & Manfrin, 1995a, fig. ,1) and the new subdivi-
sion is not based on Mojsisovics' classical localities.
Due to the complex history of the P archelaus
Oppel-zone, the new albeit scarce data have some sig-
nificance. The classic localities are in debris, but in the
neighborhood some in situ co\lections are possible. For
instance some ammonoids were collected in the CSF-ù(/
and Fopponi sections. These neu'findings are of interest
since thev may lead to an understanding of where and
how the P archelaus Oppel-"fauna" of Mojsisovics is
recorded in the \flengen Fm.
The CSFW section has the best documentation.
The collection of some Frankites regoledanws (Mojsis.)
leads to a recognition of the Regoledanus Zone. At the
moment, the lower boundary of this zone is drawn at the
FO of Frankites, and it is worth noting that this occur-
rence is recorded only 7 m above the base of the forma-
tion (sample DG88bis). The biostratigraphic position of
the lowest 7 m oI the Vengen Fm. at the CSFW section
is open becruse no age diagnostic ammonoids were
found. Brack & Rieber (1993) reporr P archelaws from
the lower part of the Wengen Beds at Bagolino, and they
correlate this part with the Archelaus Zone. Flowever,
according to Mietto & Manfrin (1995a, 1995b) P
archelaus (Laube) occurs not onlv in the Margaritosum
and Neumayri Subzones, but also in the Regoledanus
Subzon e.
The biostratigraphic attribution of the upper fos-
sil-bearing level at the CSFW section (M8124:
DG5:DG90) is more complex. The fauna is complete-
ly different from the classic "fauna" of the P archelaus
Oppel-zone of Mojsisovics and in some respects it is
more similar to the "fauna" of the Z aon Oppel-zone,
but it is mostl;r composed by long ranging forms or by
specimens with indefinite taxonomic position. Lecanites
glaucus (Mùnster) is a long ranging species reporLed by
Urlichs (1974,1977) from the Late Ladinian to the Errly
Carnian Aon Zone. The genus Clionitites also ranges
from the Late Ladinian (Regoledanus Zone: Balini et al.,
1998) to the Early Carnian (Tozer, 1994). The single
Trachyceras sp. ind. could be a useful element for dating.
however the knowledge on rhe e:rly Trachyceras is poor.
The Trachyceras of the Aon Zone were revised (Krystyn,
1928; Urlichs, 1.994), but the specimen at hand does not
fit with these classical forrns (see Sl.stematic paleontol-
ogy). Considering the recent discovery of Tracbyceras at
Prati di Stuores in the beds yielding Daxatina, underly-
ing the classical Aon fauna (Mietto & Manfrin, 1995b
Broglio Loriga et a1., 1998a, 1998b, 1999), the comparl-
son is difficult. The taxonomic study is not yet conclud-
ed, so that descriptions are not yet available. Moreover
the typical preservation of the specimens (often crushed
and partiy covered by marl) does not allow one to dis-















Fig. 12 - Most recent proposals for the subdivisions of the Upper
Ladinian ìn the \íestern Teth,vs based on ammonoids. The
correlation of thc different scales is dìfficult because often
the same names àre used br. dìfferent authors with different
meanrng.
name derivation indicates the great importance of the
Lombardian ammonoid faunas. In the last 3O years there
have been some attempts to improve the Late Ladinian
ammonoid scale of the Tethys (Pisa, 1966; Krystyn,
1983; Mietto tr Manfrin, 1995a, 1995b), however, no
ne\iv proposais were supported by bed-by-bed sampling
in the classic areas. In general, the suggested revisions
consist of the subdivision of the Upper Ladinian, usual-
ly regarded as equivalent to the P arcbelaus Oppel-zone
in the "Wengener Schichten", into two or three parts
(Fig. 12).
The first proposal was presented by Krystyn,
based on new bed-by-bed data from the Hallstatt-like
condensed red limestone of Epidauros (Greece). He
found no stratigraphic overlaps in the distribution of
Protrachyceras cf. greclleri (Mojsisovics), P archelaus
(Laube) and Frankites regoleclanws (Mojsisovics) (1983:
fig. 3 and p.234), then he suggested the separation of
the Gredleri and Regoledanus Zones from the Archelaus
s.s. Zone. The stratigraphic setting of P of the gred,leri
group is of special interest, because P. gredleri was
described from the Clapsavon Lmst. where P arcbelaus
was not found (Mojsisovics, 1882) .
After Krystvn the Regoledanus Zone was accepr-
ed by the entire scientific community while the position
of the GredleriZone was discussed by Brack & Rieber
(1993; Fig. 12). This zone is documented in the Buchen-
stein Fm. (i.e., in the lithostratigraphic unit that is the
historical reference for the Fassanian substage), posi-
tioning it below the classic "fauna" of the \y'engen Fm.
More recently Mietto & Manfrin (t 995a, 1995b) divided
the interval between the Gredleri and Regoledanus
(Interval) Subzones into Margaritosum and Neumayri
(Interval) Subzones. However, there is not a single sec-
M. Baliní. D. Germani. A. Nicora t: E. Rizzì
Fopponì Section
"Carbonate
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N Early Carnian Paleogeography
Camino pìatform Lozio basin Breno platform Gorno lagoon
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Pizzo Camino unÌ1 AVS unit No outcrops
Fig. 15 - N-S transect along the Camonica Valley sector of -ffestern Southern Alps durìng Ladinian to Earll' Carnian times. Lower part ot
Annunciata section from Jadoul et aL. (1.979) . Sections 1 1, ,{ and upper part of Annunciata from Gnaccolini & Jadoul 1 1 9881. Numbers
refer to open problems (see text). Distance betu-een sections in the same tectonic unit is directly measured. The relationships between
"Carbonate platform" and Lozio Shale are slightly simplified and the "sommaprada Lmst." (cf. Rossetti, 1966a), is not drawn.
Acronl'ms: Prz: Prezzo Limestone; Buc: Buchenstein Fm.; \Wg: Vengen Fm.; Ip: "C.rrbonate platform"; Prt: Pratotondo Lime-
stone; Lz= Lozio Shale; Esino: Esino Limestone; CMB: "Calcare Metallifero Bergamasco"; VSS: Val Sabbia Sandstone; Gorno:
Corno Fm.l Ann- Annunciarr Menrber ri Br.no Fm.: Cpì= Crmpoìungo Tongrre o[ Breno Mernben Cu: Carbonatic unir overlying
Loz.io ShaÌe in thc AVS tectonic unit.
tested carefully, because the formation is overlain by a
very thick platform attributed in the literature once
again to the Esino Limestone. Bagolino-Dosso Alto
shows a picture similar to M. Corona-Stabol Fresco
(Giudicarre), because the "Esino Lmst." is about 200 m
thick. At Monte Corona the Archelaus (sensu Krystyn)
and the Regoledanus Zones are recorded in the Vengen
Fm. In parricular, recent preliminary samplings at Stabol
Fresco show that the FO oÎ Franbites occurs in the
lower half of the formation. This data should come
together with the CSF\f section to demonstrate that
the Frankites regoledanus (range) zone represents a large
part of Mojsisovics' P archelaus Oppel-zone.
The new picture of the platform/basin relations
that seems to emerge from Eastern Lombardy is much
more similar to the classic evolution of the Eastern
Dolomites. In the Dolomites it is well known that the
Ladinian basins are covered by the prograding of the
platforms during the Carnian (Assereto &. a.1., 1977;





If the lithostratigraphic position of the "Carbon-
ate platform" of Corna S. Fermo-Pizzo Camino is r
matter of discussion, its paleogeographic significance is
clear. The Breno Fm. does not represent a uniform car-
bonate platform bounding the Lombardian basin to the
North during the Carnian (i.e. Brusca et al., 1982), but
the Carnian paleogeography is more complex.
Taking into account the palinspastic position of the
Pizzo Camino unit, during the Early Carnian two car-
bonate platforms separated b). 
" 
deep and wide interplat-
form basin can be recognized along a N-S transect (Fig.
14, 15). The Camino platform bound to the North the
Lozio basin, while the Breno s.s. platform is located some
tens of km to the South. The platforms show different
evolutions: the Camino platform is thicker with respect
to the Breno s.s. platform, then it grows by aggradation
and progradation. The source area for the turbidites of
the Pratotondo Limestone is the northern platform that
probably has two prograding stages. The Lozio Shale fil1s
Camuno sector
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in part the basin and displavs onlap relationships with the
platform. It is worth noting that both northern margins
of the tu'o platforms are not preserved.
Flowever, several details of the new reconstruc-
tion are not yet understood, mostlv due to the lack of
data between the Lozio basin and the Breno platform.
The main open questions can be outlined as follows:
1) The huge thickness of the "Pietra verde" tuffs
in the Buchenstein Fm. at the CSFV secrion is very
unusual for the Lower Ladinian succession of the West-
ern Southern Alps, because in general the tuffitic inter-
calations within the Buchenstein Fm. in Lombardy-Giu-
dicarie do not exceed 1-1.5 m in thickness (Castellarin et
aI., 1.982; Brack & Rieber, 1986, 1993; Kor'ícs et a1.,
1990). The paleogeographic significance of this peculiar-
ity is not easily resolved at present. The position of
Early Ladinian volcenoes has not )ret been analysed in
detail, so their location is less clear with respecr to rhe
Late Ladinian and Carnian times, when they are Ìocated
south of the Southern Alps (i.e. Brusca et al., 1982; Viel,
1979). One possible explanation could be a volcano
located in the lower part of rheDezzo Valley (Scah.e Val-
ley: Jadoul & Rossi, 1982), however the CSF\í section
shows an astonishing record of volcanic activity with
respect to other sires surroundingDezzo (i.e. S. Valenti-
no, La Baita, Contrada Gobbia) and, among these sires,
CSF\í is not the most proximal one to Dezzo.In our
opinion, the possibilit;- thar one or more volcanoes
could be located north of the \íestern Southern Alps
cannot be excluded. This possibility would provide an
alternative explanation for the increasing thickness of
the Middle Triassic volcanic intercalations towards the
North (Jadoul & Rossi, 1982), with respecr ro the
hypothesis of Jadoul & Rossi (1982) who explain this
trend as paleogeographically controlled by the position
of the basins in the North urith respect to the plat-
form/emerged environments in the South.
2) The reiationships between the Vengen Fm. of
the LEV section and the Wengen Fm. of the Annuncia-
ra secrion (Jadoul et al., 1979 Fig. 15) are not simple.
Probably there are two differenr source areas for these
facies, but their location has still to be located.
3) More generally, the provenance of rhe carbon-
ate sediment of the calcareous member of the \íengen
Fm. is not fully clear. This member indicates rhat one or
more carbonate platforms are growing during the depo-
sition of the Vengen Fm. Flowever, the thickness of the
Esino Lmst. in the southern sections (Annunciata)
probably is not enough to justify such an importanr car-
bonate supply from the South. Actualll-, a possible
Upper Ladinian core of the platform in the eastern part
of the Pizzo Camino unit (Concarena) could provide a
good explanation, but thick "Esino Limestone" succes-
sions are also reported North of the Presolana (Rifugio
Albani section: Fig. 13) in the Presolana unit.
a) The source area of the Lozio Shale is nor yer
known. Certainly it is not from the South, because the
Breno s.s. platform could not be bypassed by such an
amount of shales without anv record in the platform.
Probably it is from the present Northeast to ?East. The
prolenance from the present North can be excluded
because of the barrier represented by the Carnino plat-
form.
5) The revision of the lithostratigraphic attribu-
tion of the carbonate unit overlying the Lozio Shale in
the AVS unit should be the key for undersranding the
correlations with the classic Carnian sections of the
lower Camonica Valley (Fig. t5).
Systematic Paleontology
The taxonomy of the ammonoids from order to
genus level is taken from Tozer, 1981 and 1994. In text
the specimens are identified with inventory number and
sample number in brackets. Due to the great historical
significance most of the ammonoids have been described
even if their preservation is often rather poor. Dimen-
sions: D:diameter (mm)l H:max. whorl height in D/--*\. rr_.,_L:r:^__^ :r D (mm) ;\fl:whorl width in H\r111r1/1 U 
-U1rlUlrltUò ll(--).
The ammonoids are housed in the Museo Civico
di Scienze Naturali "E. Caffi", Piazza Cittadella 10,
24129 Bergamo.
Only stratigraphically important species of con-
odonts are here described. The taxonomy from phylum
to order level is taken from the Treatise (Clark et al.,
1981). Genera and species are arranged in alphabetic
order.
Phylum Mollusca Cuvier, 1797
Class C e p h a I o p o d a Cuvier, 1797
Subclass A m m o n o i d e a Zitrel, 1884
Order Ceratitida Hyatt, 1877
Superfamily D a n u b i t a c e a e Spath, 195.1
Family Danubitidae Spath, 1951
Genus ? Celtites Mojsisovics, 1882
T1'pe species: Cebites epolensìs Mojsisovics, 1882
Celtites epolensis Mojsisovics, 1882
Pl. 1, fig. 1
v 1882 Celtites epolensis Mojsisovìcs, p. 149, pI.29, fig. 1,2; pl. 38,
fig.1l.
19a1 Cebites epolensis - Tommasi, p. 59.
1977 Cebites epolensis - Urlichs, pl. 1, fig. 1 0, 1 1 .
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v 1994 Celtites epolensìs - Balinj, pl. 3, fìg. 2, 3.
19951: Celtites epolensis - Mietto 6i Manfrin, p1. 1, fig. 18.
\998a Celtites Eolensis - Broglio Loriga et al., pl. 1, fig. 18.
Material. 4 specinens: MSNBG 9176 (DG5), 9182 (DG202),
9183 (DG202), 9185 (DG204).
Description. The specimens at hand are equivalent
to the types of the species (Mojsisovics, 1882; Balini,
1994) rvith respect to preservation, coiling and pattern
of ribbing. The suture line is not visible.
Remarks. The specimens do not allow to improve
the knowledge on this species. As a consequence it is
not possible to solr'e the doubts suggested by Spath
(1951) and Tozer (1981; pers. com., 1993) on the defi-
nite significance of the genus Celtites Mojsisovics, 1882.
Celtites epolensis Mojsisovics, 1882 is the type of the
genus (Hyatt & Smith, 1905), but since its suture line
and length of body chamber is unknown, it is not possi-
ble to make comparisons with the \.ery similar genera
Tropigastrites Smith, 7911, Orthoceltites Spath, 1951, and
Danubites Mojsisovics, 1 893.
Occurrence. Vengen Fm., Fopponi section levels
DG2A2 and DG204, Upper Ladinian. CSF\(/ section, IV
segment, 1evel DG5 (:M8124:DG90), Lower Carnian.
?Family Lecanitidae Hyatt, 1900
Genus Lecanites Mojsisovics, 1882
Type specics: ,4 mmonites g/aacas Mt-rnster, 1 83'{
Lecanites glaucus (Mùnster, 1834)
1952 Lecanites glaucus - Leonardi & Polo, p. Z, pl. 1, fig. 14; pl. 3, fig.
1l-1 4,3/-38. (,cum syn.)
1977 Lecanites glaucus - Urlichs, pl. 1, fig. 9.
Materìal. 1 crushed specimen, MSNBG 9468 (DG90).
' Occurrence. Vengen Fm., CSF\I section, IV seg-
ment, level DG90 (:MB121:DG5), Lower Carnian.
Superfamily C I i d o n i t a c e a e FIyat\ 1877
Family Trachyceratidae Haug, 1894
Subfamily P r o t ra chy c e r at in a e Tozer, 1.971
Genus E oprotrachy ceras Tozer, 1.98a
Tvpe species: Eoprotrachyceras matutìnum Tozer, 1980
Eoprotrachyceras sp. ind.
Material. 1 specimen, MSNBG 9458 (DG71).
Descriptìon. The rather small specimen (D about 3
cm) is of poor quality. Only one side of half whorl is
incompletely preserved: the umbilical border and part of
the side are broken. The involuteness of coiling cannot
be checked. Ventral and ventrolateral nodes are well vis-
ible, as well as at least one row of laterai nodes on the
preserved part of the lateral side. All the nodes are
rounded and show the same kind of elevation. The dis-
tance between lateral and ventrolateral nodes is slightly
higher than the distance between ventrolateral and ven-
tral nodes. Ribbing is dense and each rib bears one node
of each row. No bifurcation occurs on the preserved part
of the lateral side.
Discussion. The full classification of the specimen
is impossible because of its poor quality and small size.
Unfortunately, some of the specie s of Eoprotrachyceras
(i.e. E. curionll [Mojsis.] ) in literature are described only
on the basis of large sized specimens.
Occurrence. Buchenstein Fm., CSFW section, II
segment, level DGZ1, Lower Ladinian.
Subfemily T ra c h y c e ra t i n a e (Haug, 1894)
Genus Asl<lepioceras Renz, 1911
lvpe species: Aypadites segmentdtus Mojsisovics, 1893
Asklepioceras cf. loczyi (Diener, 1899)
Pl. 1, fig.2
Material. I \pecrmcn MSNBG'l'+8 I rDClOlbi.'.
Description. The diameter of the specimen is about
31-32 mm. Notwithstanding the compactional crushing,
the ventral side is clearlv sulcate. Nothing can be said
about H/\X/ ratio, however the specimen does not seem
to be thick whorled; the coiling seems to be rather invo-
lute. About 9 constrictions can be counted in half whor1.
The constrictions show a concave course: they are
almost straight in the first 1./3 to 1./2 of whorl height,
then they become strongly projected.
Discussìon. The dense segmentation seems to be a
qood fe:rture [or rhe classification of the specimen.
Among the rather restricted literature on Asklepioceras,
similarity can be found srith Asklepioceras loczyi
(Diener) . Due to the flattening of the specimen no com-
parison of ventral side on the beginning of the outer
rvhorl is possible, nevertheless the pattern of the dense
segmentation fits very well. ,4. segmentatum Mojsisovics,
1893 (type of the genus) features a less dense segmenta-
tion, done b1'constrictions that are more widely spaced
already at the periumbilical border. A dense segmenta-
tion can be found in most of the specimens reported as
Asklepioceras sp. by Mietto Ec Manfrin, 1995b (p1. 1, fig.
?2, 8, 13), however in these specimens the pattern of
constrictions is definitely sinuous.
Occurrence. Wengen Fm., Fopponi section, level
DG20 lbis, Upper Ladinian.
40 M. BaÌini, D. Germani, A. Nícora G E. Rizzt
Genus Frankites Tozer, 1971,
T1-pe specìes: Paratrachyceras sutherlandi Mclearn 194l
Frankites regoledanus (Mojsisovics, 1869)
Pl. 1, fig.3-4
Lt69 Ammonites (Trachyceras?) regoledanus Mojsisovics, p.
13,{, pl. 3, fig. /-8.
r' 1882 Tiachyceras regoledanum - Mojsisor':ics, p. 132, pl. 29, fig.
6,7,8.
19A1 Tiachyceras regoleclanum - Tonmasi, p. 58. (nn)
19AB Protrachyceras cÍ. regoledanum - Kittl, p. 495. (nn)
non 1908 Protrdchlceras sp. ind. cl. regoledanum - Dieneq p. 25, pl.
1, 11g. ,/.
1913 Tt'achyceras regoledanum - Simionescu, p. 298, pl. 3, fig. 8.
19\4 Paratrachyceras regoledanwm - Arthaber, p. 137, pl. 16, fig. 1.
1931. Trachyceras (Paratrachycerail regoledanum - Voelcker, p.
455. (nn)
? 196A Trachlcems (P,Lratr,tcblcerds) cf. Z (P.) regoledanum -
Kun.rmel, p.682, pl. 83, fig. 1-2; pl. 84, fig. 10.
non 1961 Trachyceras regoledanunt mundeùllae - Leonardi, pl. 6, fig.
v 1.994 Tracbyceras regoledanum - Balinì, pl. 4, fig. J.
1995a Franleìtes regoledanus - Mierto & Manfrìn, pl. 5, fig. 3, 1.
1995b Franl<ires regoledanus - Mietto & Manfrin, pl. 1, fig. 6, 9,
15.
1998a Frankites regoledanus - Broglìo Loriga et al., pl. 1, fig. 6,
9,15.
Material. 2 spccimens, MSNBG 9461 (M8126) and 9166
(DGe1).
Description. The specimens are flarrened and pre-
served with test. The larger one (MSNBG 9466) is also
preserved only on one side. Both the specimens show
the same involute coiling. Due to compaction rhe ven-
tral side is not very well visible, but the lateral ornamen-
tation is typical. The ribs are almost flat, with very nar-
row inter-rib space. The orienration of the ribs is pro-
verse. Ribs are iusr a little sinuous on the side, then rhey
become definitely projecred near to the ventrolateral
margin. Rib type is slightly different in the specimens.
On the smaller specimen, between 10 and 13 mm of
whorl height ribs arise from the umbilical border in cou-
ples. One rib in each couple is primary, while the other
bifurcates between 1/4 and 1/3 ol whorl height. The
bifurcation may affect the first rib of the couple, or the
second. About 5 couples in 1/4 of whorl can be counted
on the smaller specimen.
In the larger specimen the couple s of primary ribs
are prevailing on the other rypes. Every two-three cou-
ples there is a simple primary rib alone, and on Z couples
there is one couple showing the bifurcation at 1/3 of
whorl height. The suture line is not visible.
Discussion. The artribution of Ammonites
regoled.dnus Mojsisovics, 1869 to Frankites Tozer, 797 1 vs
Paratracbyceras Arthaber, 1914 is a marter of discussion
(Tozer, 1921) because rhe mosr importanr difference
between the two genera is in the suture line, that is not
known in the specimens from the Wengen Fm. of Lom-
bardy. The specimens at hand do not allow to solve this
problem, but for the moment we follow the traditional
attribution.
The specimens have been compared rvith the holo-
type of the monotypic species Frankites apertus (Moj-
sisovics, 1893), a species whose relationship with I
regoledanus is debated (Balini et a1., 1998; Mietto & Man-
frin, 1999). The holotype (Geologische Bundesanstalt,
Wien, 1893/UlA132) overlaps the inner 3/1 of whorl of
the specimen MSNBG 9466 (P1.1, Fig. 4) and shows a
similar umbelicus. The main difference is in the ribs
n'hich are wider in the specimen from the tVengen Fm.
From the ribbing point of view the type of F. apertus is
more similar to the smaller specimen from the Vengen
Fm. (MSNBG 9164; Pl. l. Fig. l), but the tvpe of F. aper-
/zzs shows Z couples of ribs in1/4 of whorl instead of i.
The scarcitv of specimens at hand (only 2 F. regoledanus
compared with only 1 F. apertus) does not allow to
understand the differences in rerm of population vari-
ability. For the momenr we separare the two species.
Remarks on synonymy. The specimen classified by
Diener (1908) is almost probablv a Frankites, but it can-
not be included in F. regoledanus becaúse of the occa-
sional bifurcation in the marginal zone. This feature has
never been observed in the specimens from Lombardy.
The identification by Leonardi (1964) is rejected
because the coiling is not as involute as in the specimens
from Lombardy. Moreover the specimen on pl. 6, [ig. 2
seems to have intercalatory ribs.
The specimens attributed wrth confrctnta to Tra-
chyceras regoleclanum by Kummel (1960) cannor be fully
revised. Branching of the ribs is not neither described in
text nor well visible in plates. It seems ro occur at umbil-
ical border on pl. 8,1, fig. 10, but only two couples of ribs
are exposed on this fragment.
Occurrence. Vengen Fm., CSFW secrion, IV seg-
ment, levels M8126 and DG91, Upper Ladinian.
Genus Tracbyceras Laube, 1869
T1-pe species: Ammonites (.Ceratites) aoz N{ùnsteq 183'l
Trachyceras sp. ind.
Material. 1 specimen MSNBG 9473 (DG5).
Description. The specimen is preserved only in 1/4
of whorl. \fhorl height is about 10 mm. A very thin
coating of sediment covers the shell, so rhat the ribbing
is not very well visible. On the contrary the nodes well
emerge from the sediment. About 10 spirai rows of
nodes are visible on the lateral side, moreover 2 rows of
double nodes are located in ventrolateral and ventral
position. In each couple the inner node is two times big-
ger than the outer one. Ventral sulcus very narrosl
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Discussion. The atLribution of the 
'pecimen ro
Trachyceras Laube, 1869 is sure, because of the very tlp-
ical double nodes in ventral position. The full classifica-
tion is at the moment impossible not only because of the
poor preservation of the specimen, but also because of
the incomplete knowledge on the earlv Trachycet'as.
Only the group of T. aon is described and illustrated
(Urlichs, 1974 and 1994; Krystyn, 1.978), while the
stud1. of the specimens found by Mietto & Manfrin
below the FO of T. aon àt Stuores 'il/iesen (Mietto &
Manfrin, I995b; Manfrin 8r Mietto in Broglio Loriga et.
al., 1998a, 1998b, 1999) is nor yer concluded. A ventro-
lateral series of double nodes can be found in T. aon,
howeveq in this species the l:rrger node of the couple is
thc outer, instead ol the inner.
Occurrence. \fengen Fm., CSF.il/ section, IV seg-
ment, level DG5 (:MB12a:DG90), Lower Carnian.
Subfamily S i r e n i t i n a e Tozer, 1,971,
Genus S irenotrachy ceras Krystyn, 1.97 8
T1.pe species: Protrachyceras (Trachycerai) hadtuigae Mojsisovics, 1 893
Sirenotrachyceras ? sp. ind.
Pl. 1, fìg. s
l\4aterial. 1 specimen, L{SNBG 10129 (DG177).
Description. The specirnen is preserved on the sur-
face of a marly limestone bed. Besides slightlv sinuous
and weak ribs the specimen shows spiralll' .1ott*t,.
nodes. They are arranged in lateral (at least 3 rows), ven-
trolateral and ventral position. The periumbilical border
is not preserved.
Remark. The very small size preyents from a full
classification. The spinl elongatìon of rll the visible
nodes points to Sirenotrachyceras Krystyn 1978 instead
ol Protrachyceras Mojsisovics, 1893. The latter some-
times has spirally elongated nodes, but only in the
external rows of medium to large sized specimens.
Occurrence. \Wengen Fm., Fopponi section, level
DG177, Upper Ladinian.
Family Clionitidae (Arabu, 1932)
Genus Clionitìtes Strand 1929
T1-pc specics: Clionites angu/osus Mojsisoi'ics 1893
Remarks. The genus Clionitites includes species
displaying a wide variety of lentnl sh.rpes. from sulcate
to depressed, sometimes with ribs that crosses the ven-
ter (i.e. Tozer, 1,994). The style of tuberculation is also
wide, and marginal nodes are not alu-avs present. This
very wide variability in the ventral area is quite unusual
in Triassic amrnonoids, and should suggest a taxonornic
revision of the genus. IJnfortunately a revision through
population analysis is difficult because the specimens
usuallv attributed to Clionìtites are of small to very small
size- while rhe twne snecimens from the condensed Hall-
statt Limestone (Mojsisovics, 1893) are of medium to
large size and lack of well constrained stratigraphic posi-
tion.
The specimens from \flengen Fm. of Lombardy
belong to the group o[ Clionitites with marginal tuber-
culation.
Clionitites aff. busiris (Mùnster, 1834)
Pl. 1, fig. 7, 8, 9a-c
Material. 7 specimens, MSNBG 9167 (DG9A),9169 (l{8124),
e4l0 (I,{B124), e4l1 (DGs), e172 (DG5), e474 (DG5), e4778 (DG5).
Description. The specimens of small size (D about
10 mm: pl. 1, fig.8-9) are preserved in 3 dimensions,
while the larger ones (D about 26-28 mm) are crashed
by sediment compaction (Pl. 1, fig. 7). The coiling is
evolute: U is 38-40% of D. Vhorl section suboval; max-
imum width at about 1/3 of whorl height. Ornamenta-
tion done by ribs and marginal nodes. On the inner
whorls rib-type is primary and intercalatory, with ahnost
regular alternation of both types. The total number of
ribs in half rvhorl is about 22. On the outer whorl the
primarl type prevail, on the interc;rìatory t1 pe. Rrb
shape is sinuous on the inner whorls, then sigmoidal to
almost biconvex on the outer whorl. The ribs do not
cross the narrow venter, thrt is prrctically flat. The spec-
imens shou. differences in the strengthen of ribs: Pl. 1,
fig. 9 is relatively strongly ribbed, while the ribs of Pl. 1,
frg. 7 and 8 are a little weaker. General fading of the
ornaments on the termination of the preserved part of
the outer whorl: nodes are reduced and ribs fade into
"growth lines" (specimen MSNBG 947A, not figured).






Remarks. The full classification of the specimens is
difficult because of their preservation and also because
of the complex lirerrture. On the basis of ribbing our
specimens can be compared with Ceratites busiris Mún-
ster, 1834 and Ceratites basilews Mùnster, 18,11, both the
species with :r single row of nodes in ventral position.
The difference between the two species is not clear.
Laube (1870) includes in C. busiris quite wide variety of
forms including also strongly ribbed specimens (pl. 41,
fig. 3-8). Mojsisovics (1882) refers the same 
'pecimensto C. basìlez.r so that the variability of C. busiris is
restricted. .Ve have no elements to solve the problem of
the variability of Clionitites busiris and Clionitites
basileus, but we are inclined to give priority to C. busiris.
t1 ll. Balinì, D. Gctntani, A. Nicora t L. Rizzi
Occurrence. tùlengen Fm., CSF\t/ secrion, IV seg-
ment, level MB124:DG5:DG90, Lower Carnran.
Clionitites sp. ind.
Pl. 1, fig. 6
Material. 1 specirren, IvISNBG 10128 (1,f8121).
Description. The small specimen is preserved in
3D. Ornamentation n'rade of ribs and marginal nodes.
Rib type prim.rry :rnd intercalatory/bifurcate, with an
almost 1:1 ratio. In a quarter of u'horl there are 6 pri-
mary and 4 secondary ribs i:10 marginrl nodes) . Pri-
mary ribs seem to be slightly inflated in the first half of
u'horl height then in the outer prrr rhev become weak.
Secondary ribs are also weak, then sometimes the sepa-
ration of intercalatorv from bifurcare type is difficult.
The intercalatory type is surely prevailing on bifurcate.
Discussion. The specimen is separated from C/ion-
itites alf. busiris because of the lveaker and less dense rib-
bing. The comparison with the literature is difficult for
the above mentioned problems. The specin-ren at hand
does not fit r ery n ell with the specirnens cì.rs:ilied by
Mojsisovics (1882, pl. 21, fig. 27-31) as Trachyceras
basileus (Mùnster) which have weaker but much more
closely spaced ribs.
Occurrence. Wengen Fm., CSF\I secrion, IV seg-
ment, level M8124, Lower Carnian.
Phylum Conodonta Eichenberg, 1930
Class Conodonta Eichenberg, 1930
Order Conodontophorida Eichenberg, 1930
Genus B utluroaignathus Kozur, 7988
1973 CarineÌla Buduror., p. 299.
l9ES.Sephardiella Nferch ct al., p. 24l.
Type species: Pol,gnathus nungoensis Diebel, 1956
Budurovignathus diebeli (Kozur & Mostler, 1971b)
Pl. 2, fig. .1, 5, 6; Pl. 3, fie. 5
1971b Tartlogondolella diebelì Kozur 6: Mostler, p. 13-1,1, pl.2, fig. 1-
r \non rg. JJ.
1972 Epigondolella diebeli - Kozur & Mostler, p.792-795, pl. 2, fig.
1_ 8.
1975 lletapolygnathus diebeli - Krystl'n in Kristan-Tollmann &
Kr1-styn, p.273, pI.2, iig. 5-7, pJ. 3, tig. 5 1 non fig.6).
198Ab Merapoll,gnathus diebeli - Kovícs & Kozur, p|.7, {tg,.9; pl. 10,
fig. 7 -9 .
1980 Carinella diebeli - Krvstvn, pl. 1 1, fig.6.
1983 Epigonrlolella diebeli - Kr1'st1.n, pl. 8, fìg. 7, 8, 9.
1987 Carinella diebeli - Vrielvnch, p.123,1.24, pl. 1, fig. 13-15.
i988 Butturotignathus diebelì - Kozur ìn CFS, 1A2; p.241-215.
1.989b Budtrotignathus diebeli - Kozur, pl. 12, fig. 3.
l99A Carínella diebeli - Buduror. 8t Sudar, p. 214, p1.3, fig. 1-8.
1991 Budurooignathus diebeli - Neri et al., pl. 1, fig. 5.
1995 Budurotìgnathus diebeli - Neri et al., pl. 2, fìg.2,4.
\997 Buduroeígnathus diebeli - Mastandrea et a1., p. 12-13, pl. 1, fig.
1998 Budurorignathus diebelì - Nicora tr Rizzi, pl. 1.1.1, fig. 1.
1998 B uduro'oignathus diebeli - Mastanclrea et al., p1. a.2.2, lig. 1, 5-7.
1999 Budurorignathus diebeli - Mastandrea in Broglio Loriga et a1.,
pl.3, fig. Z,11.
Description. In the materirl at hrnd, pl;rtform mar-
gin' rrc svnrmetric.rl .rr borh side*. slightly refolded
upn'ard, frequentlv with secondary nodules which varv
betli'een 3 and 7, from poorly developed and restricted
to the anterior portion of the platfonn, to l'e1Ì evident
alongside the whole platform margin. The posterior
pl.rtform rnargin varies fronr srr.ìight ro very tlighrly
asvmmetric. Sornetimes a V-shaped posterior platform
mrrgin derelop'. The crrina is moderrrely high. ar rhe
anterior margin, in correspondance of the free blade, and
it decreases regularly toward the posterior mrrgin. The
free blade is characterized by denticles which are fused
for approximately the 213 o[ rhe heighr. Sometimes den-
ticles are totally fused. The last 3-4 posterior denticles of
the carinr rre generally small, conics, and ll'ell spaced. In
the lower surface often a bifurcated posterior rermina-
tion of the keel is present, but also specimens without
bifurcation posterior to the pit are presenr (P1. 3, fig.5;
see also Kozur 8r Mostler, 1972, p|. 2, {ig.1c Krystyn,
1983, pl. 8, fig. 7b). The basal cavity is located generally
rt the beginning oi the third back. characterized by a
basal pit hardly distinguishable.
Remarks. The specimens of B. diebeli ure have well
correspond to the holotype with strong nodes devel-
oped on both margins of the platform.
PLATE 1
Fig. 1 - Cebites epolensìs Mojsisovics, 1882, V'engen Fm., Fopponi section, MSNBG 9482 (DG202), lateral vien-, x i.
Fig.2 - Asle/epiocerds cl.locz1i (Diener, 1899), Vengen Fm., Fopponi scctìon, MSNBG 9181 (DG2O1bis), lateral view, x 1.
Fig. 3-1 - FranJeites regoledanus (Mojsìsor.ics, 1869), Vengen Fm., CSFV section: 3) MSNBG 9164 (M8126), lateral vieq x 1.5; .{) MSNBG
9466 (DG91),1nr"."1 ..ign, r 1.
Fìg. 5 Sirenotrachyceras ? sp. ind., Wengen Fm., Fopponi section, MSNBG 7An9 (DG163), lateral viex x 1.5.
Fig.6 - Clionitites sp. ind., Wcngcn Frn., CSF\V section: MSNBG 10128 (MB124), SEM image, l:lreral vien, bar scale 1 mm.
Fìg. Z, 8-9a-c - Clionitites i[. busiris (l\{irnstcr, 183,1), \'engen Frn., CSFW section: 7) N{SNBG 9169 (I{B121), laterai vier-, x 1; 8) MSNBG 9162
(DG90), lateral vie*', x 1.5; 9) MSNBG 9171 (DC5), a) vcntral vienl b) obliquc vicu-, c) latcral view, all x 1.5.
AII specin.rens except for 3, 'l and 6 are r'hitened r.ith Ammonium Chloride.
Pl. I Laclinian i Cam ian b i ct str,ttigrdpl:1, m d paleogeogrLtpl^l -+3
M. Bnlini, D. Germani. A. Ni,ora 
€ E. Rizzi
B. mungoensls differs from B. diebeli by an asym-
metrical, strongiy turned aside and pointed platform.
Transitional forms to B. mungoensls have been noted (P1.
r, r1g. )J.
Occurrence. 12 specimens: 2 specimens from \fen-
gen Fm. at CSF\I section; IV segment; 8 specimens
from Pratotondo Lirnestone at Pratotondo section; 2
specimens from Pratotondo Limestone at LEV secrion,
III se gment.
Stratigraphical range and distribution.
- Late Ladinian Early Carnian (uppermosr parr
Maclearni Sutherlandi Aonoides Zones) sensuKozur k
Mostler (1971b);
- Late Longobardian - Early Julian (I subzone,
AonoicJes Z.) sensu Krystyn (19l8, 1980);
- Late Longobardian - earliest Julian (P archelaus
Z. - F. regoledanus Z. - base of the T. aonoitJes Z. s.I.)
sensu Krystyn (1983);
- latest Longobardian - Cordevolian sensu
Budurov & Sudar (1989); Cordevolian (F. regoLedanus
Z.) sensw Kor'ícs et al. (1991).
This species has recognized inro Tethyan and Asi-
atic Provinces.
Budurovignathus mostleri (Kozur, 197 2)
Pl.2, fig.3
197Lb Tardogondo/ella mungoensìs cata/ana - Kozur & Mostler, p. 23,
îtg. ).
1972 Epigondolella mostleri Kozur in Koz-ur & Mock, p. 9, 10, pl. 1,
fig.8.
1972 Metapolygnatbus mostÌeri - Kozur, p.3.7, 15, 16, pI.2, fig.8,9.
1.98ab Metapolygnatbus mostleri - Kovícs tr Kozur, pl. 8, fig. 4.
1983 IIetdpolygndtbus mostleri - Kor.ícs, pl. 6, fig. 2.
1983 "Epìgondolella" mastleri - Krystyn, pl. S, fìg. 1-6.
1988 Budurorignathus mostleri - Kozur in CFS, 102; p.244 245.
1992 "Epigondole/la" diebeli - Chhabra & Kumar, pl.1, fig. 10.
1991 Budurotignathus mostleri - Neri et al., pì. 1, fig. i
1995 Budurocìgnathus mostleri - Neri et al., pl. 2, fig. 11-12.
1997. Budurortignathus rnostleri - Mastandrea et al., p. 11, pl. 2, fig.
1 -1.
1998 Bucluro'oignathus mostleri - Mrsrandrea et al., pl. 1.2.2,lig.2-4.
1999 Budurotignathus mostleri - Mastandrea in Broglio Loriga er a1.,
pl. 3, fig. 3 1.
Description. The platform is sy'mmetrical and it
extends for approximately l/2 - 2/3 of the total length
of the unit; it displays a typically pointed posterior end,
establishing a sub-triangular outline of the element in
upper view. even if moderately lengthened.
The margins of the platform present 2-3 second-
ary nodules on both sides of the specimen, even if they
are limited oniy to the anterior half of the platform.
The basal cavity is very small, positioned from
sub-central to the beginning of the third back.
This species has been recovered only at the LEV
Section, III segment (samples DG129 and DG6O) and at
the Fopponi Section (sample DG164).
Remarks. B. mostleri differs from .8. diebeÌi by the
pointed posterior termination of the platform and "sub-
triangular" outline of the platform. The specimens
found rre quite massive end primitive.
Occurrence. 2 specimens found at the Pratotondo
Limestone at LEV section, III segment; 1? specimen
found in the "Carbonate platform" at Fopponi secrion.
Stratigraphical range and distribution.
- Late Longobardian - Cordevolian (Sutherlandi,
Aonoides Zones) sensu Kozur (1980) ;
- upper part of the Longobardian (Regoledanus
Zone pdrs.) sensu Krystyn (1983);
- Longobardian (Upper F. regoledanus Z.) sensu
Kozur (1989b);
- earliest Carnian (F.'regoledanusZ.) sensu Kovícs
et al. (1991).
This species has recognized into Tethyan Province
(Southern Alps and Balaton Highlands, Hungary) .
Budurovignathus mungoensis (Diebel, 1956)
Pl. 2, fig. 1
1956 Polygnathus mungoensis Diebel, p. 431, 132, pl. 1 fig. 1-2A; p|.2,
fig. 1-4; pl. 3, fig. 1; pl. a, fig.1.
1966 GontJolella catalana Hirsch, p. 86, pl. l, fìg. 1-a.
1,97A Epigondolella ntungoensis - Huddle, p. 127,fig.2 a-h.
1971 EpigondolelÌa mungoensis - Sr.eet et al., p. 449, pl. 1, fig. 14, 19.
1973 Tardogontlolella mungoensis mungoensis - Van der Boogard Ee
Sirnon, p. 17, pL. 1., fig. c, pl. 2, fig. a, b.
I98Ab Metapolygnathus mungoezzsls - Kovícs tt Kozur, pl. Z, fig. 3.
Fig. 1 a, b, c
Fìg. 2 a, b, c
Fig. 3 a, b, c
Fig. .l a, b, c
Fig. 5 a, b, c
Fie. 6 a, c
Fig. / a, b, c
Fig. 8 a, b, c
Fig. 9 a, b, c
PLATE 2
- Budurov-ignatl:us mungoensis (Diebel), specimen x.ith v'ide platform in the middle portion; 
'ffengen Fn., LEV section, II segmenr
sampìe DG12,1; x 90.
- Gladigondolellamalayensìs maÌaltensis Nogami; \ff/engen Fm., LEV section, II segmenr, sarnplc DC124; x 90.
- Budurovignathus mostleri (Kozur); Pratotondo Limestone, LEV section, III segment, sample DG129; x 80.
- Budurotignathus diebeli (Kozur &. Mostler);Pratotondo Limestone, Pratotondo section, sample DG23O; x 80.
- Buduror-ignathus diebeli (Koz-ur Ei Mostler); Pratotondo Limestone, LEV sectìon, III segment, sample DG133; x 80.
- Budurovignathus diebeli (Kozur & Mostler); Pratotondo Limestone, LEV section, lll segment, sample DG133; x 80.
- Buduroitignathus diebeli (Kozur Er Mostler); Pratotondo Limcstone, LEV section, III segment, sample DG133; x 80.
- Paragondo/ellafoliataBtclurot; Pratotondo Limcstone, LEV section, III segment, sample DG133; x 90.
- Paragondolella polygnathi.formis (Buduror. tr Stefanov); Pratotondo Limestone, LEV section, II segment, samplc DG127; x 90.
a) latcraì view', b) lor-er vier., c) upper vrer-
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1980 Cdrinella mungoensis - Kn-st1-n, pl. t t, tig. 5.
1983 Epigondolella mungoensis - Krvstl'n, p. 2,13, pl. 8, fig. 1-3.
1988 Budurocigrnthus ntungoensìs - Kozur in CFS, 1A2, p.211,215.
199A Budwrotignatbus mungoertsis - Saddedin, p. 176, fig. 5.3 (.cunt
,,n.).
199A Sephardiella mLtngoensis - March ct al., p. 198, pl. 1, fig. a-p.
1994 Buduro.oignathus mungoensis - Neri et al., pl. 1, fig. 1.
1.995 Budurorignatbus mungoensis - Neri et al., pl. 2, f tg.7-9.
1.997 Budurocignathus mungoensis - Mast:rndrea et al., p. 4'1, pl. 1, fig.
o 1^
1998 Budurov-ignathus mungoensis - Mastandrca ct al., pl. .+.2.1, fìg.
5_6.
1.999 Buduro.-ignathus rnungoensis - M,rstandrca in Broglio Loriga et
a1., pl. 3, fig. 5-6, 10.
Description. The platform displays a sigmoidal
contour, with a pointed posterior end, turned on the
outer side of the spe cimen.
On the outer side four secondary nodules are
present, that reduce in height beginning from the second
anterior nodule, while at the inner side crenulations are
present.
At correspondence of the rntepenult denticle is
present an "accessory" tooth, in correspondence of the
corner between the back side and the left flank of the
specimen.
The lower margin is straight. the basal cavit,v is
extremelv small, positioned àt the beginning of the third
back. The keel is well developed :rnd furrowed both
anteriorllr and posteriorly to the basal cavity, with a ter-
mination only slightly bifurcated.
Remarks. Tl-re specimen found shows the typical
characters of the species.
Occurrence. 1 specimen from at ths \(/enoen Fm
at the LEV section, II segment.
Stratigraphical range and distribution.
- Late Ladinian - Cordevoliansensu Kozur (1980);
- Late Ladinian - Cordevolian sensu Kovícs &
Kozur (1980b);
- Longobardian - earliest Julian (I subzone,
Aonoides Z.) sensw Krvstyn (1978, 1980);
. - Longobardian (upper part of Gredleri Z, P
archelaus 2. F. regoledanus Z.) sensu Krystyn (1983);
- Longobardian sensu Buduror'& Sudar (1989);
- Longobardian - Cordevolian (h regoledanus Z.)
sensu Ko\ícs e t al. ( 1991) .
This species has been recognized into the Tethyan
Province.
Genus G lacligondolella Muller, 19 62
Ti'pe species: Polgnathus tethldis Hrckriede, 1958
Gladigondolella malayensis malayensis Nogami, 1968
P|.2, fig.2
1968 Gladigorttlolella malayensis Nogani, p. tZZ-tì3, pl. 9, fig. 11-
18; pl. 11, fig.7.
197\a Glatligondolella malayensis - Kozur 3r tr{ostler, p. 15, fig. 3, a.
1973b Gladigondolella ma|ayensis - Buduror., p. 801-802, pl. 1, fig. 10-
12.
1973 Gladigondolella maLa1,g251s - Krvstvn, p. 142, pl. 1, fig. 4, 5.
1975 Gladigondolella malayensis - Gedik, p. 120, pJ. 3, ilg.27-28.
1976 GlatligondoÌeÌla malayensis - Krif ic E{ Prcmru, p. 14, p1. 2, fig.
2, non fig. 1.
1976 Gladigondolella malayensis - Patrulius et al., pl. 3, ftg. 7.
1978 Gladigondolella malayensis - Catalov E: Buduror', p. 92, pl. 2,
ng, l--).
1979 GladigondoÌella malayensis - Gazdzìcki et al., pl. 18, fig. 3, 5,
non llg. l, +.
19SAa Gladigondolella malayensis malalensi - Kor'ícs Er Kozur, pl. 7,
"5', .
1981 GlarÌigondolella nala1'ensis - Koike, pl. 1, fig. 11.
1987 Gladigondolella malayensis malal,ensis - Vrielynck, p. 129, 130,
pl. 1, fìg. 16-18.
1998 Cladigondolella malayensis malayensis - Mastandrea et a1., pl.
4.2.1., fig. 1-2.
1999 Gladigondolella maÌayensis malayensis - Mastandrca in Broglicr
Lorig;r et al., pl. 3, fìg. 8.
Description. Pa element: ellipsoidal with coarsely
pitted, massive, short and broad platform. Piatform
broadest posterior to center, rapering rowrrd posterior
and anterior ends, regularly curved in lateral view. Cari-
na composed of Z-tZ discrete node-like denticles with
cusp at the posterior end. Free blade only rudimentary.
Keel prominent with deep basal furrou'; basal cavity
elliptical to posteriorly pointed, terminal to subterminal.
Remarks. Gladigondolella tetbydis (Huckriede), in
respect to Gl. m. malayensls, is longer, narrower. sig-
moidally bent; cusp and basal cavity never terminal.
Glacligondolella malayensis budurovi Kovícs 6t Kozur
has a broader platform, a lower carina and a cusp not
n'e11 deveioped.
Occurrence. 6Z specimens: 1 specimen from
Buchenstein Fm. at LEV section, I segment; 1 specimen
from Wengen Fm. and 3 specimens from Pratotondo
Lmst. at LEV section, II segment; 41 specimens from
Pratotondo Limestone at LEV section, III segmentt I
PLATE 3
Fig. 1 a, b, c, d- Pseudofurnishíus murcianus pr.lecursor Gullo & Kozrir; -ùlenten Fm., CSF\il/ section, IV segment, sampìe DG186; a,b,c x 1,10, d x
Fìg. 2 a, b, c -llogor,lolrlLo incLìnata (Kor';ícs);Wengen Fm., CSFW section, IV sesnent, sample DG185; r 1OO.
Fig.3 a, b, c - Paragondolellapoll,gnathiforttis (Buduroi & Stef.rnor); -ùfengen Frn.. CSF\ùi/ sectìon, IV segment, sample DG180; r 150.
Fig. 4 a, b, c - Paragondolella polygnathiformis (Buduror- & Stefanor.); Wengen Fm., CSF\I section, IV segment, sample DG180; x 150.
Fie. 5 a, b, c - tansition Budurorìgnathus diebeli (Kozur & Mostler) / B. mungoensìs (Diebel);Wengen Fm., CSFW section, lV segment, sam-
ple DC253; x 150.
., l.'.".1 .-1,.-- l.t l^*,." - l.*'
' ' 
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contour, with the posterior margin generally well round-
ed or more or less squared. The platform extends for the
whole length of the unit, but the first two denticles may
be free. Towards the posterior margin of the unit, the
edges of the platform tend to be refolded upward with a
thickening of the margins more developed at the third
back of the platform. Consequently, it is possibie to
notìce a "furrow" near the flanks of the carina, more evi-
dent at the third back of the unit. The carina is moder-
ately high, characterized by l5-20 fused denticles for
approximately the 213 of their height, from slightly to
strongly inclined toward the posterior.
The height of denticles decreases toward the pos-
terior margin, the last 4-6 denticles are generally small,
conics, and separate.
The rnain cusp is never terminal, sometimes an
"accessory tooth" posteriorly to the main cusp is pres-
ent. Sometimes both the main cusp and the "accessory
tooth" may occupy an asymmetrical position in respect
to the alignment of denticles.
The lower surface varies from moderately to stron-
gly concave, conferring an arched outline in lateral view.
The lower surface is characterized by a well devel-
oped kee1, in relief in rispect to the platform, that widens
toward the posterior margin of the unit. The basal cavi-
ty is generally rounded or oval, subterminal, deeply
excavated and frequently with a well evident brim.
The keel shows a different termination depending
by the posterior end of the platform: a platform with
back rounded margin join a keel more rounded, while
for specimens characterized by a posterior squared mar-
gin, also the keel results posteriorly squared.
Remarks. P inclinata differs from P foliata by the
denticles of carina posteriorly inclined. In the material at
hand, most of the specimens are broken. The specimen
illustrated on pl. 3, fig. 2 shows transitional features to
P polygnathiformis (Budurov & Stefanov) . P inclinata
differs from P polygnathiformis by the gentle downward
step of the platform.
Occurrence. 3 specimen from Vengen Fm. at
CSF\f section, IV segment; 1 specimen from Pratoton-
do Limestone at LEV section, II segment; 2 specimens
from Pratotondo Limestone at LEV section, III seg-
ment; 2 specimens from Pratotondo Limestone at Pra-
totondo section.
Stratigraphical range and distribution.
- Early Longobardian - Late Juhan sensu Kovícs
& Kozur 1198Obl:
- Early Longobardian - Late Julian sensu Kovícs
(1e83);
- Early Longobardian - Late Julian (uppe r P gred-
lerì Z. - T. austriacum Z.) sensu Krystyn (1983).
This species has been recognized into the Tethyan
Province.
Paragondolella polygnathiformis
(Budurov 6g 5lsfxnsr', 1965)
Pl. 2, fig. 9; Pl. 3, fig. 3, 4; Pl. 4, fig. 1-4; Pl. s, fig. 1-9
1958 Gondolella nat'icula Huckriede, pl. 12, fig. 15.
1965 Gontlolella pojgnathfurmís Buduror- & Stefanor', p. 118, 119,
pl. J, lrg. J- . non lrg. 4-6.
1983 Gondolella polygnathformis - Kovícs, p. 712, 1.1.3, pl. 2, fig. 5,
r. \cum s)n.).
1983 Gondolella polygnatbìformis - Kr1.styn, p.239, Aa, pl. a, fig. 3.
19E7 ParagondoleÌÌa polygnathi.formis - Vrielynck, p. 167-170, pl. 5,
il9. /-l).
1.99A Paragondolella polygnathiformis - Buduror' & Sudar, p. 21 1, pl.
1., tig. 7 -1.9 .
1.992 NeogondoleLla polygnathifitrmis - Chhabra & Kumar, p. 16, 17,
pI.4, fig. 16.
1.995 À[etapolygnathus polygnathrfurmls - Mastandrea, p. 502, pl. 1,
fig.10-13.
1995 14etapoLygnathus polygnathformis - Neri et al., pl. 2, ttg. 17-1.9.
1998 Paragondolellapo\gnathìfurmis - Nìcora & Rjzzi, pl. 1.1.1, fig.
a1
Description. This species is characterized by a plat-
form from narrow and extended, sub-rectangular, that
covers from 1,/3 to 2/3 ol the whole length of the speci-
men, often with margins refolded upward to individual-
ize a furrow near the fianks of the carina, to a v'ide plat-
form, posteriorly rounded, sometimes with a "narrow-
ins" at the oosterior end. Distinctive characteristic of'., b
this species is the abrupt downvrard step of the platform.
Generally the specimens stratigraphically lower tend to
show a squared and lengthened platform, for at least the
2/3 ol the length, while specimens with wider and
rounded platform, that occupies approximarcIy 1/3 of
the total length of the unit, tend to dominate in higher
stratigraphic levels. Sometimes, it is possible to notice a
weak "crenulation" of the platform margins near the free
blade.
The carina is characterized by 6-20 denticles,
slightly posteriorly inclined and lateralll' compressed,
that generally decreases toward the posterior margin of
the unit; the last 3-5 back denticles are generally smalÌ,
conics, closely spaced. The main cusp generally is not
PLATE 5
Fig. 1 a, b, c - Paragondolella polygnathiformis (Brdrror. & Stefanov); Pràtotondo Lìmestone, Pratotondo section, sample DGZ6; x 140.
Fig. 2 a, b, c - Paragendolella polygnathìfurmis (Bttdurov & Stefanov); Pratotondo Limestone, Pratotondo section, sample DGZ6; x 1'10.
Fig. 3 a, b, c - Paragondolella polygnathfurmis (Budurov & Stefanov); Pratotondo Limestone , Pratotondo section, sample DG77; x 110.
Fìg.'ta,b,c -Paragondolellapolygnathformis(Btdtror'&Stef.rnov)rPraiotondoL;mestone,Pratotondosection,samplcDGTT x140.
a) lateral vien-, b) lor.er vien', c) upper r-ieq'
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terminal, frequentiy with an "accessory tooth" just back
to it, often er ternrinal position. Also in thrs case. ir is
possible to distinguish stratigraphically lower speci-
niens, which .rre characrerized by a free blade consrirur-
ed by 4-6 pointed denticles, fused between them for
approximately the 5A"k of their height, and more
e.,olved forms. in which rhe free blade is characterized
by denticles fused between them for at least 807. or
Ínore than thelr heighr, conferring a profile "serrated" ro
.i.-,,^--- 
-r-- ^{ "L- {ree b,lade. Moreover. in the lower
stratigrapicaliy specimens, the outiine varies from slight-
Ìy to moderately arched in lateral r'iew; while in higher
forn-rs the outline could be notably arched, as a conse-
quence of a downward shifting of free blade apex.
The keel is weli deve loped, slightly in relief, with a
marked median furrow The back termination of the keel
is variable: in the forms with squared platform, rhe pos-
terior end of the keel is straight or moderately bifurcat-
eci, while in platforms characrerized t'y a back rounded
margin, also rl.re keel shows a rounded posterior end"
The b"r.al cauitv ls ser ar rhe thrrd back. generalil'smlll.
shape of drop, moderately excavated, frequentiy with a
prominent loop.
Remarks. P polygnathiformis di{lers îrom P incli-
nata by the rypic:rl rbrupt downn'rrd step oi rhe pllr-
torm.
Occurrence. 6 specimens from Vengen Fm. ac
CSFV section, IV segment; 2 specimens from Prato-
tondo l-imestone at LEV section. II segment; 21 speci-
mens {rom Pratotondo Limestone at Pratotondo sec-
tion; 59 specimens from Pratotondo Limestone at LEV
section, trII segment.
StratiEraphica! range and distribution.
- Late I-ongobardian (upper SutherÌandt
Carnian sensu Krystyn (197 8, 1 980) ;




- Latest Longobardian (?) - Tuvalian sensu
Budurov & Sudar (1989);
' 
- Carnian (F. regoledanus Z. - T. aon Z. - T.
aonoid"es Z.) sensu Kovícs et a1. (t99t).
According to mosr of the authors rhe apparence
o|] this species m.irk.s the Ledinilni Carnian boundary.
Thrs species hls been recognized rnro the Tethyan.
Asiatic and Nevadian Provinces.
Genus Pseudofurnishius van den Boogaard, 1966
Type species: Pseudofurnishìus murcianus ven dcn Booeaard,1966
Pseudofurnishius murcianus praecursor
Gullo & Kozur, 1.991.
PI.3, fig.
1.980b Pseudofurnishius murcianus n. sub sp. Kovícs tr Kozur, pl, Z.
fig. 6.
I991 Pseuclofurntshius nturcianus prdecursar Gullo Ec Kozur, pp. 77,
pl. a, fig. 9, pì. 5, figs. 1, 2.
1994 Pseudofurnishius murcianus praecursor - Neri et al., pl. 1, fig.2.
1997 Pseurlofurnishìus murcianus praechrsor - Mastandrea er el., pl. 2,
rrgs. +,).
1998 Pseudofurnìshius rnurcianus praecursor - Mastandrea er al., pl.
4.2.3, ftgs. 3-1.
Remarks. The only specimen found is long, verl-
nîrro$À siender wrrh rhe rnner pirtìornr \erv reducecj
with 4 denticles, whereas the outer platform ìs reprcscnr-
ed oniy by one rudimentary clenticles along the -biade"
The basel c.lvirv. bene.tlr r ha ;.-^. ^1..i^--1, ts rr ihe
midth of the unit and extends anterioriy as in the mareri-
aÌ from Sicily described by Gullo and Kozur (1991,).
The platform reducrion in the Pseudofurnishtus
genus has been considered by the Authors as :r phyìoge-
netic tendency (Kozr-rr, 1972, 198A, 1989b; Van den
Boogaard & Simon, 1923; Hirsch, 1973; Hirsch &
Gerry, i974; Nicora, i980; Gullo Er Kozur, i989. 1991;
Saddedin,lggOr Saddedin & Kozur, 1992). Bi-piatforrr
elenrents (Pseudofurnishius sosioensis Gul1o & Kozur,
Pseudofurnishius prtscus Saddedin. Pseuciofurnishius
síyalaensis Saddedin & Kozur) are stratigraphically oider
than the mono-piatform ones.
Occurrence. 1 specimen from \fengen Fm. at
CSF\(/ section, IV segment.
Stratigraphical range and distribution. Middle-Late
Longobardian (middÌe and upper part of mungoensis
A.Z.scnsu Kozur. lg8OrCtrllo& Kozur. l99l;.
The species has been recognized in Spain, North-
ern Africa, Southern Aips, Siciiy, israei, Jordan, South-
ern Turkey, Dinarids.
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Appendix
Pratotondo section.
This section is proposed as tlrpe section for the
Pratotondo Limestone (Rossetti, 1966a).
Location. The section crops out along ,r foresr
road. on the right side of Camonica Valley. The base of
the section is located 450 m ENE ofPizzo A1to, at 1110
m a.s.l. The name Pizzo Alto is reported on CTR
1:10000 and IGM 1:25,000 maps. In both the mrps rhe
name Pratotondo is used for the forest and meadows
NE of Pizzo Alto i.e., some hundreds of meters North
to the section.
Lithologt (from bottom to top);
cover
Buchenstein Formation
a) che rty nodular limestone and cherty limestone 
,
at the top cherty nodular limestone; 11.8 m.
Wengen Formation
b) silty marls and shaly marls; 4.5 m
Pratotondo Limestone (total thickness 166.,15 m)
c) 
'hrles ,rnd shaly marls n ith drrk grey micriLic
marly mudstone intercalations; 11 m
- cover, 20 m.
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d) lower part with alternation of 10-15 cm thick j) amalgamated dark gray to black limestone with
dark grey marly limestones with similar thickness of planar lamination; 2.5 m
shales, upper part with laminated marly shales and lime- k) 4 beds of limestone with planar lamination; 0.8 m
stones (3-4 to 1 ratio); 6.8 m 1) pseudobedded limestone; 3 m
- cover, 49.6 m. m) thin bedded limestone, with mm thick marl
e) as d) ; 2.,1 m intercalations; 1.5 m
f) alternarion of dark graylblack shales and dark
gray marly limestones in about 5 to 10 cm thick beds; n) shaly marls (0.6 m), followed by alternation of
5.6 m thin bedded limestone and shaly marls (1.85 m), and by
g-m) "Nero venaro" shaly marls with very thin bedded marly limestone inter-
g) thickening upward succession of dark grey calations (0.25 m); totalthickness 3.2 m
limestone (5 to 30 cm thick beds) with 3-2 ro 5 cm thick o) marly limestone dominating on shaly marls; 3 m
marl intercalations; 2.05 m p) dark grey shales, locally marly shales, with rare
h) dark grey limestones and mariy limestones marly limestone intercalations; 17.8 m
(intrabioclasticwackestonestopackestones,occasional- smallfault
ly grainstones) with planar lamination, normal grading q) very thin bedded limestones; 5 m
and microsplumpings. The beds are dm to some dm
thick, but often they are amalgamated; 30 m Lozio Shale
i)7to25/30cmthickdarkgraymarlylimestone, -cover: very gentle morphology with isolated
with mm shaly marl intercalation s; 2.2 m small outcrops of shales.
